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1. 

LIQUID CRYSTAL DISPLAY DEVICE AND 
METHOD FOR DRIVING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an active-matrix liquid 

crystal display device including a transistor in a pixel and to 
a method for driving the liquid crystal display device. 

2. Description of the Related Art 
In recent years, a metal oxide having semiconductor 

characteristics, which is called an oxide semiconductor, has 
attracted attention as a novel semiconductor material having 
both high mobility provided by polysilicon or microcrystal 
line silicon and uniform element characteristics provided by 
amorphous silicon. 

Examples of Such a metal oxide having semiconductor 
characteristics include tungsten oxide, tin oxide, indium 
oxide, and Zinc oxide. Transistors each including Such a 
metal oxide having semiconductor characteristics in a chan 
nel formation region have been known (Patent Documents 1 
and 2). 

In addition, a liquid crystal display device in which a 
storage capacitor is omitted from a pixel and the aperture 
ratio of the pixel is increased owing to the use of a transistor 
with low leakage current in an off state, and a driving 
method thereof have been known (Non-Patent Document 1). 

REFERENCE 

Patent Document 

Patent Document 1 Japanese Published Patent Application 
No. 2007-123861 

Patent Document 2 Japanese Published Patent Application 
No. 2007-096055 

Non-Patent Document 

Non-Patent Document 1 Hideaki Shishido et al., “76.1: 
High Aperture Ratio LCD Display using. In Ga—Zn 
Oxide TFTs without Storage Capacitor”, SID 10 DIGEST., 
pp. 1128-1131, 2010 

SUMMARY OF THE INVENTION 

In view of energy saving, electronic devices are required 
to operate with less power. Similarly, liquid crystal display 
devices used for electronic devices are required to consume 
less power. In particular, a reduction in power consumption 
of a portable electronic device allows a user to use the 
electronic device for a longer time. 

In the case of a transmissive liquid crystal display device, 
if the percentage of a region transmitting light in a pixel 
(also referred to as aperture ratio) is increased, light emitted 
from a backlight can be efficiently utilized. As a result, 
power consumption can be reduced. 

Meanwhile, a liquid crystal display device in a portable 
electronic device is viewed by a user at a short distance, thus 
being required to have a screen with high definition. An 
increase in the definition of a screen requires a reduction in 
the size of a pixel itself. 

To increase the aperture ratio of a pixel while increasing 
the definition of a screen, a transistor, a capacitor, or the like 
included in the pixel needs to be reduced in size. 
When the capacitance of a capacitor is reduced, the period 

for which the potential of an image signal can be held is 
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2 
shortened; accordingly, the quality of an image displayed on 
a liquid crystal display device is lowered. Moreover, it is 
difficult to reduce the capacitance of a capacitor in the case 
where a transistor with high leakage current in an off State 
is used. 
One embodiment of the present invention is made in view 

of the foregoing technical background. Thus, an object of 
one embodiment of the present invention is to provide a 
liquid crystal display device whose power consumption is 
reduced while image quality is prevented from being 
degraded. Another object of one embodiment of the present 
invention is to provide a method for driving a liquid crystal 
display device whose power consumption is reduced while 
image quality is prevented from being degraded. 

In order to achieve at least one of the above objects, one 
embodiment of the present invention is made with a focus on 
leakage current in an off State of a transistor which is used 
in a pixel, a capacitance component of a liquid crystal 
element, and the capacitance of a capacitor. This leads to a 
liquid crystal display device having a structure exemplified 
in this specification and to a driving method in which image 
signals having alternating opposite polarities are sequen 
tially written into a plurality of pixels in the liquid crystal 
display device. 

That is, one embodiment of the present invention is a 
liquid crystal display device which includes a transistor 
including a semiconductor material having a wider band gap 
and a lower intrinsic carrier density than silicon in a channel 
formation region and a liquid crystal element including a 
liquid crystal layer and a pixel electrode electrically con 
nected to a source electrode or a drain electrode of the 
transistor. A minimum value of a capacitance (C+C) of a 
pixel satisfies a formula (1) below and a maximum value of 
the capacitance (C+C) of the pixel satisfies a formula (2) 
below. 

170x 10' Fa (Cy + C) (1) 

(Cx + Cl) > (CL-CI) (2) 

Note that, in the formula (1) and the formula (2), C, 
represents a minimum value of a capacitance component of 
the liquid crystal element in the pixel, C, represents a 
maximum value of the capacitance component of the liquid 
crystal element in the pixel, (C-C) represents an amount 
of change in the capacitance component of the liquid crystal 
element, C represents the capacitance of the pixel from 
which a capacitance due to the liquid crystal element is 
Subtracted, in represents the number of gray levels included 
in an image signal, and m represents a difference between 
gray levels which is required to be able to be recognized. 
Note that F in the formula is a unit of capacitance. 
The above liquid crystal display device of one embodi 

ment of the present invention includes a transistor whose 
leakage current in an off state is reduced and a liquid crystal 
element. The capacitance of a pixel satisfies the formula (1) 
and the formula (2). Thus, the potential of an image signal 
written into the pixel can be held and the aperture ratio of the 
liquid crystal element can be increased. Consequently, a 
liquid crystal display device whose power consumption is 
reduced while image quality is prevented from being 
degraded can be provided. 
An effect that is obtained when the minimum value of the 

capacitance (C-C) of the pixel satisfies the formula (1) 
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and the maximum value of the capacitance (C-C) of the 
pixel satisfies the formula (2) is described below with 
reference to FIG. 2A. 

FIG. 2A illustrates an equivalent circuit of a pixel 350G 
included in the liquid crystal display device of one embodi 
ment of the present invention. 
The pixel 350G includes a transistor 312 and a liquid 

crystal element 320G. A gate electrode of the transistor 312 
is electrically connected to a scan line G. One of a source 
electrode and a drain electrode of the transistor 312 is 
electrically connected to a signal line S, and the other is 
connected to one electrode of the liquid crystal element 
320G. The other electrode of the liquid crystal element 320G 
is Supplied with a ground potential. 
<Relation Between Capacitance of Pixel and Leakage 
Current in Off State of Transistored 
The relation between the capacitance of a pixel and 

current which leaks through a transistor in an off State is 
described. A voltage drop in a pixel attributed to current 
which leaks through a transistor in an off state can be 
estimated with a formula (3) below. 

(3) XT () 
Note that, in the formula (3), (C+C) represents the 

minimum value of a capacitance of the pixel, C, represents 
the minimum value of a capacitance component of the liquid 
crystal element, i represents leakage current of the transistor 
in an off state, and T represents the length of time of one 
frame (the interval between writing image signals into the 
pixel). 
The permittivity of a liquid crystal layer varies depending 

on the alignment state thereof. The capacitance component 
of the liquid crystal element varies accordingly. Here, the 
minimum value of the capacitance component of the liquid 
crystal element is C. The capacitance of the pixel from 
which the capacitance component of the liquid crystal 
element is subtracted, C, includes parasitic capacitance and 
the like in addition to the capacitance of a capacitor provided 
in the pixel. 
The maximum allowable amount of a Voltage drop in a 

pixel can be represented by a formula (4). 

(4) 
- Xi 

Note that, in the formula (4), V represents a driving 
Voltage of a liquid crystal element, in represents the number 
of gray levels included in an image signal input, and m 
represents a difference between gray levels which is required 
to be recognizable (that is, two image signals which differ in 
gray level by m are required to be distinguishable). It is 
preferable that m be less than or equal to /so times n, in 
which case rich gradation can be expressed. 

Considered here is the case where the main cause of a 
Voltage drop in a pixel is leakage current i in an off state of 
a transistor. When the minimum value of the capacitance 
(C-C) of the pixel satisfies formulae (5), it is possible to 
distinguish image signals which differ in gray level by m. 

V iXT (5) 
( xm) > (c, -- O) 
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4 
-continued 

T in (Cx + Cl) >ix(x) 

The formulae (5) indicate that the minimum value of the 
capacitance (C-C) of the pixel needs to be increased in 
proportion to leakage current i in an off state of a transistor 
used in the pixel. In other words, as the leakage current i is 
reduced, it becomes easier to increase the aperture ratio of 
a pixel while increasing the definition of a screen. 

For example, when the length of time T of one frame (the 
interval between writing image signals into the pixel), the 
driving Voltage of the liquid crystal element, the number of 
gray levels included in the image signal, and the difference 
between gray levels which is required to be able to be 
recognized are set to "/60 sec, 5 V. 256, and 5, respectively, 
the minimum value of the capacitance (C-C) of the pixel 
is estimated as follows. 

Here, since a transistor including amorphous silicon in a 
channel formation region has low field-effect mobility, it 
would be difficult to reduce the size of the transistor. 
Therefore, it is impossible to increase the aperture ratio of a 
pixel while increasing the definition of a screen. 

In the case of a conventional pixel in which a transistor 
including low-temperature polysilicon in a channel forma 
tion region (the ratio (W/L) of the channel width W to the 
channel length L is about 1, for example) is used, the current 
i which leaks through the transistor in an off state is about 
1x10' A. Accordingly, the minimum value of the capaci 
tance (C-C) of the pixel needs to be larger than 170 fF. 

In a pixel included in the liquid crystal display device of 
one embodiment of the present invention, a transistor whose 
leakage current in an off state is reduced, specifically, a 
transistor including a semiconductor material having a wider 
band gap and a lower intrinsic carrier density than silicon in 
a channel formation region is used, which can make the 
minimum value of the capacitance (C+C) of the pixel 
Smaller than 170 ft. 

Thus, the potential of an image signal can be held and the 
aperture ratio of a liquid crystal element can be increased. 
Consequently, a liquid crystal display device whose power 
consumption is reduced while image quality is prevented 
from being degraded can be provided. 

Described next is the case where the current which leaks 
through the transistor in an off state is low enough to be 
excluded from consideration. 
<Relation Between Difference Between Gray Levels 
which is Required to be Able to be Recognized and Capaci 
tance Component of Liquid Crystal Element which Changes 
in Accordance with Alignment of Liquid Crystal Layers 
A liquid crystal element includes a liquid crystal layer, 

which is interposed between two substrates, in an electric 
field formed by a pair of electrodes. The pair of electrodes 
serves to apply an electric field to the liquid crystal layer. 
Examples of the arrangement of the pair of electrodes 
include the case where one electrode and the other electrode 
are provided on different Substrates (e.g., the arrangement of 
electrodes in a vertical electric field mode) and the case 
where one electrode and the other electrode are provided on 
one Substrate (e.g., the arrangement of electrodes in a 
horizontal electric field mode). 

In this specification, a pixel electrode refers to one elec 
trode of a liquid crystal element used in a liquid crystal 
display device, which is electrically connected to a source 
electrode or a drain electrode of a transistor provided in a 
pixel, and a common electrode refers to the other electrode. 
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Note that a structure in which a common potential is 
Supplied to the common electrode of a plurality of liquid 
crystal elements can simplify the liquid crystal display 
device. 

Voltage applied to the pair of electrodes of the liquid 
crystal element changes the alignment state of liquid crystal 
included in the liquid crystal layer. Thus, the permittivity of 
the liquid crystal layer is changed and, accordingly, a 
capacitance component of the liquid crystal element is 
changed as well as the transmittance thereof. 
The electrical characteristics of the liquid crystal element 

can be described with an equivalent circuit in which a 
capacitance component 320c and a resistance component 
320r are connected to each other in parallel. 
The capacitance component 320c of the liquid crystal 

element is described. The permittivity of liquid crystal has 
anisotropy. Since the liquid crystal layer includes liquid 
crystal, the permittivity of the liquid crystal layer changes in 
accordance with the alignment state of the liquid crystal. The 
capacitance component of the liquid crystal element also 
changes in accordance with the alignment state of the liquid 
crystal layer (which can also be referred to as the operation 
state of the liquid crystal element). For example, the capaci 
tance component of the liquid crystal element in the liquid 
crystal display device varies between in black display and in 
white display. 

The maximum value of the capacitance component of the 
liquid crystal element is about 1.5 times to 3.5 times (e.g., 
three times) the minimum value of the capacitance compo 
nent of the liquid crystal element. 

FIG. 2B shows the case where the time for writing an 
image signal into a pixel is Substantially equal to the time 
that is required for changing the alignment state of liquid 
crystal (e.g., where the time for writing an image signal into 
a pixel is about several milliseconds). 

FIG. 2C shows the case where the time for writing an 
image signal into a pixel is shorter than the time that is 
required for changing the alignment state of liquid crystal 
(e.g., where the time for writing an image signal into a pixel 
is about several microseconds). 

Here, if input of an image signal is stopped before the 
transmittance of the liquid crystal element changes to a 
desired degree, the Voltage applied to the liquid crystal 
element drops owing to a decrease in permittivity which 
accompanies a change in the alignment state of the liquid 
crystal layer. Thus, the transmittance of the liquid crystal 
element sometimes cannot reach the desired transmittance. 
The amount of a drop in Voltage of a liquid crystal 

element attributed to a change in alignment state is repre 
sented by the right side of a formula (6) below. The 
allowable amount of the voltage drop is smaller than the left 
side of the formula (6). 

C 3 - C T (6) 
V 2 - - - - 

( xm)> it. Cy - C + . 
XV 

Note that, in the formula (6), V represents a driving 
Voltage of the liquid crystal element, in represents the num 
ber of gray levels included in an image signal input, m 
represents the difference between gray levels which is 
required to be able to be recognized, T represents the length 
of time of one frame (the interval between writing image 
signals into a pixel), and C represents a capacitance of the 
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6 
pixel from which a capacitance component of the liquid 
crystal element is subtracted. Further, C, represents the 
minimum value of the capacitance component of the liquid 
crystal element, C, represents the maximum value of the 
capacitance component of the liquid crystal element, and R 
represents a resistance component of the liquid crystal 
element. 

Here, when the length of time T of one frame (the interval 
between writing image signals into the pixel) is a time Such 
that a flicker is not recognized (specifically, /60 sec) or 
shorter and the resistance component of the liquid crystal 
element is sufficiently large, the term (T/2R) is small enough 
to be ignorable. Thus, the formula (6) can be approximated 
by a formula (7). 

(7) V C 3 - C 

(, xm)> (fi)x V 

By transformation of the formula (7), the maximum value 
of the capacitance (C+C) of the pixel can be represented 
by the formula (2). 

That is, in the liquid crystal display device of one embodi 
ment of the present invention, the maximum value of the 
capacitance (C-C) of the pixel is larger than the product 
of the amount of change (C-C) in the capacitance 
component of the liquid crystal element and (n/m). 

Thus, the potential of an image signal can be held and the 
aperture ratio of the liquid crystal element can be increased. 
Consequently, a liquid crystal display device whose power 
consumption is reduced while image quality is prevented 
from being degraded can be provided. 
<Capacitance of Pixel (from which Capacitance Compo 
nent of Liquid Crystal Element is Subtracted)> 

Described below is an example of calculation of the 
capacitance of a pixel in the liquid crystal display device of 
one embodiment of the present invention. 

Here, the number n of displayed gray levels is 256, the 
difference m between gray levels which is required to be 
able to be recognized is 5, and the driving voltage V of the 
liquid crystal element is 5 V. The density at which pixels are 
arranged is 300 per inch. 
The minimum value of the capacitance component C of 

the liquid crystal element is 1 fF, and the maximum value of 
the capacitance component C of the liquid crystal element 
is 3 f. 
The capacitance of the pixel from which the capacitance 

component of the liquid crystal element is subtracted, C, is 
made larger than 100 f, which enables the pixel to be 
applied to a liquid crystal display device. 

For adjustment of the capacitance of a pixel, a capacitor 
may be provided in the pixel, for example. The capacitor 
may be formed with, for example, a layer forming a gate 
electrode of a transistor provided in the pixel, a layer 
forming a source electrode or a drain electrode of the 
transistor, and an insulating film Such as a gate insulating 
film provided therebetween. 

Another embodiment of the present invention is the above 
liquid crystal display device having a structure in which the 
liquid crystal element includes an insulating layer, a pixel 
electrode in contact with one Surface of the insulating layer, 
and a common electrode which is in contact with the other 
Surface of the insulating layer and has an opening overlap 
ping with the pixel electrode. 
The above liquid crystal display device of one embodi 

ment of the present invention includes the pixel electrode on 
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one Surface of the insulating layer and the common electrode 
on the other surface thereof. The common electrode has an 
opening overlapping with the pixel electrode. This structure 
can prevent or reduce a short circuit between the pixel 
electrode and the common electrode, which is caused when, 
in a step of overlapping a sealing Substrate with a substrate 
provided with the pixel electrode in manufacture of the 
liquid crystal element, a foreign Substance between the 
substrates is unintentionally embedded in the substrate pro 
vided with the pixel electrode. Consequently, a liquid crystal 
display device whose power consumption is reduced while 
image quality is prevented from being degraded can be 
provided with high yield. 

Another embodiment of the present invention is a liquid 
crystal display device including a plurality of Scan lines 
extending in a row direction, a plurality of signal lines 
intersecting with the scan lines and extending in a column 
direction, and a pixel in a region Surrounded by adjacent 
scan lines and adjacent signal lines. Both the scan lines and 
the signal lines are arranged at a density of 300 or more per 
inch. The pixel includes a transistor including a semicon 
ductor material having a wider band gap and a lower 
intrinsic carrier density than silicon in a channel formation 
region, a gate electrode electrically connected to one scan 
line, and a source electrode and a drain electrode one of 
which is electrically connected to one signal line and a liquid 
crystal element including a pixel electrode electrically con 
nected to the other of the source electrode and the drain 
electrode of the transistor, a liquid crystal layer, and a 
common electrode. A minimum value of a capacitance 
(C-C) of the pixel satisfies the formula (1) and a maxi 
mum value of the capacitance (C+C) of the pixel satisfies 
the formula (2). 

Note that, in the formula (1) and the formula (2), C, 
represents a minimum value of a capacitance component of 
the liquid crystal element, C, represents a maximum value 
of the capacitance component of the liquid crystal element, 
(C-C) represents an amount of change in the capaci 
tance component of the liquid crystal element, C represents 
the capacitance of the pixel from which a capacitance due to 
the liquid crystal element is Subtracted, in represents the 
number of gray levels included in an image signal, and m 
represents a difference between gray levels which is required 
to be able to be recognized. Note that FI in the formula is 
a unit of capacitance. 
The above liquid crystal display device of one embodi 

ment of the present invention includes the transistor whose 
leakage current in an off State is reduced and the liquid 
crystal element. The capacitance of the pixel satisfies the 
formula (1) and the formula (2). Such pixels are included in 
a matrix at a density of 300 or more per inch. In this 
structure, the potential of an image signal that is written into 
each of the pixels arranged at a high density can be held and 
the aperture ratio of the liquid crystal element can be 
increased. Consequently, a liquid crystal display device 
whose power consumption is reduced while image quality is 
prevented from being degraded can be provided. 

Another embodiment of the present invention is a method 
for driving the above liquid crystal display device, including 
a first step of inputting a selection signal to one scan line to 
select a plurality of pixels electrically connected to the scan 
line and a second step of inputting image signals having 
alternating opposite polarities to a first signal line and a 
second signal line arranged with a pixel provided therebe 
tween to sequentially write the image signals into the 
selected plurality of pixels. 
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8 
The above method for driving the liquid crystal display 

device of one embodiment of the present invention includes 
the first step of selecting a plurality of pixels electrically 
connected to one scan line and the second step of sequen 
tially writing image signals having alternating opposite 
polarities into the selected plurality of pixels. In this method, 
the potentials of a pair of signal lines change in opposite 
polarity directions, whereby the fluctuation of the potential 
of a pixel electrode can be cancelled out; thus, crosstalk can 
be reduced. Consequently, a method for driving a liquid 
crystal display device whose power consumption is reduced 
while image quality is prevented from being degraded can 
be provided. 

Note that in this specification, a display device refers to a 
device which displays an image based on image data. In 
addition, the display device includes any of the following 
modules in its category: a module in which a connector Such 
as a flexible printed circuit (FPC) or a tape carrier package 
(TCP) is attached to a display device; a module having a 
TCP provided with a printed wiring board at the end thereof; 
and a module having an integrated circuit (IC) directly 
mounted over a Substrate over which a display element is 
formed by a chip on glass (COG) method. 

Note that in this specification, a capacitor is distinguished 
from a capacitance component of the liquid crystal element 
itself. 

Unless otherwise specified, in the case of an n-channel 
transistor, an off-state current in this specification is a current 
that flows between a source electrode and a drain electrode 
when the voltage between the gate electrode and the source 
electrode is less than or equal to zero while the potential of 
the drain electrode is higher than that of the source electrode 
and that of a gate electrode. Further, in the case of a 
p-channel transistor, an off-state current in this specification 
is a current that flows between a source electrode and a drain 
electrode when the voltage between the gate electrode and 
the Source electrode is greater than or equal to Zero while the 
potential of the drain electrode is lower than that of the 
Source electrode and that of a gate electrode. 
The names of the “source electrode' and the "drain 

electrode' included in the transistor interchange with each 
other depending on the polarity of the transistor or the levels 
of potentials Supplied to the respective electrodes. In gen 
eral, in an n-channel transistor, an electrode to which a lower 
potential is Supplied is called a source electrode, and an 
electrode to which a higher potential is Supplied is called a 
drain electrode. Further, in a p-channel transistor, an elec 
trode to which a lower potential is supplied is called a drain 
electrode, and an electrode to which a higher potential is 
Supplied is called a source electrode. 

Further, in this specification, the state in which the tran 
sistors are connected to each other in series means, for 
example, a state in which only one of a first terminal and a 
second terminal of a first transistor is connected to only one 
of a first terminal and a second terminal of a second 
transistor. The State in which the transistors are connected to 
each other in parallel means a state in which the first 
terminal of the first transistor is connected to the first 
terminal of the second transistor and the second terminal of 
the first transistor is connected to the second terminal of the 
second transistor. 
Note that in this specification, the term “connection' 

means electrical connection and corresponds to a state in 
which current, Voltage, or a potential can be Supplied or 
transmitted. Accordingly, a connection state means not only 
a state of direct connection but also a state of indirect 
connection through a circuit element Such as a wiring, a 
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resistor, a diode, or a transistor so that current, Voltage, or a 
potential can be Supplied or transmitted. 

In addition, even when different components are con 
nected to each other in a circuit diagram, there is actually a 
case where one conductive film has functions of a plurality 
of components, such as a case where part of a wiring serves 
as an electrode. The term “connection” also means Such a 
case where one conductive film has functions of a plurality 
of components. 

According to one embodiment of the present invention, a 
liquid crystal display device whose power consumption is 
reduced while image quality is prevented from being 
degraded can be provided. Further, a method for driving a 
liquid crystal display device whose power consumption is 
reduced while image quality is prevented from being 
degraded can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1D illustrate a liquid crystal display device 
according to one embodiment. 

FIGS. 2A to 2C illustrate a liquid crystal display device 
according to one embodiment. 

FIGS. 3A and 3B are circuit diagrams illustrating a liquid 
crystal display device according to one embodiment. 

FIGS. 4A and 4B each show a method for driving a liquid 
crystal display device according to one embodiment. 

FIG. 5 is a timing chart showing a method for driving a 
liquid crystal display device according to one embodiment. 

FIGS. 6A to 6C illustrate a structure of a transistor which 
is applicable to a liquid crystal display device according to 
one embodiment. 

FIGS. 7A to 7D illustrate manufacturing steps of a tran 
sistor which is applicable to a liquid crystal display device 
according to one embodiment. 

FIGS. 8A and 8B illustrate a pixel structure which is 
applicable to a liquid crystal display device according to one 
embodiment. 

FIG. 9 is an equivalent circuit diagram illustrating a pixel 
structure which is applicable to a liquid crystal display 
device according to one embodiment. 

FIGS. 10A and 10B illustrate a pixel structure which is 
applicable to a liquid crystal display device according to one 
embodiment. 

FIGS. 11A to 11E each illustrate an example of an 
electronic device to which a liquid crystal display device 
according to one embodiment can be applied. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiment will be described in detail with reference to 
the accompanying drawings. Note that the invention is not 
limited to the following description, and it is easily under 
stood by those skilled in the art that various changes and 
modifications can be made without departing from the spirit 
and scope of the invention. Therefore, the invention should 
not be construed as being limited to the description in the 
following embodiments. Note that in the structures of the 
invention described below, the same portions or portions 
having similar functions are denoted by the same reference 
numerals in different drawings, and description of Such 
portions is not repeated. 

Embodiment 1 

In this embodiment, a structure of a liquid crystal display 
device of one embodiment of the present invention will be 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
described with reference to FIGS 1A to 1D and FIGS 2A 
to 2C. FIG. 1A is a top view of a liquid crystal display device 
of one embodiment of the present invention. FIG. 1B is a top 
view of a pixel included in the liquid crystal display device. 
FIG. 1C is a side view including part of a cross section taken 
along line C-D in FIGS. 1A and 1B. FIG. 1D is a side view 
including a cross section taken along line A-B and line 
C-D-E in FIG. 1A. FIG. 2A is an equivalent circuit diagram 
of the pixel 350G included in the liquid crystal display 
device. FIGS. 2B and 2C each illustrate a signal written into 
a pixel and the transmittance of a liquid crystal element. 
A liquid crystal display device 300 described as an 

example in this embodiment includes the transistor 312 
including a semiconductor material having a wider band gap 
and a lower intrinsic carrier density than silicon in a channel 
formation region and the liquid crystal element 320G includ 
ing a liquid crystal layer 331 and a pixel electrode 321 
electrically connected to a source electrode or a drain 
electrode of the transistor 312. The minimum value of a 
capacitance (C+C) of the pixel 350G satisfies the formula 
(1) and the maximum value of the capacitance (C+C) of 
the pixel 350G satisfies the formula (2) (see FIGS. 1A and 
1D). 
Note that, in the formula (1) and the formula (2), C 

represents the capacitance of the pixel 350G from which a 
capacitance due to the liquid crystal element 320G is sub 
tracted, C, represents the minimum value of a capacitance 
component of the liquid crystal element 320G, C, repre 
sents the maximum value of the capacitance component of 
the liquid crystal element 320G, (C-C) represents an 
amount of change in the capacitance component of the liquid 
crystal element 320G, in represents the number of gray 
levels, and m represents a difference between gray levels 
which is required to be recognizable (that is, two image 
signals which differ in gray level by m are required to be 
distinguishable). 
The liquid crystal display device 300 includes a plurality 

of pixels including the pixel 350G in a display region 301. 
The liquid crystal display device 300 also includes driver 
circuits (a gate side driver circuit 303g and a source side 
driver circuit 303s) which drive the pixels (see FIG. 1A). 
The pixel 350G includes the transistor 312, the pixel 

electrode 321, and a common electrode 322 (see FIG. 1B). 
The transistor 312 in the pixel 350G is provided over a 

first substrate 310. Note that a transistor 313 in the source 
side driver circuit 303s can be formed through the same 
process as the transistor 312. 
An insulating layer 316 covers semiconductor layers of 

the transistors 312 and 313 to prevent diffusion of impurities 
into the semiconductor layers. An insulating layer 317 
serves to planarize unevenness which is caused by a struc 
ture (e.g., the transistor 312 or a signal line) formed over the 
first Substrate 310. 
An external input terminal is provided at the tip of a lead 

wiring 308. Further, a flexible printed circuit (FPC) 309 is 
connected to the external input terminal. A video signal, a 
clock signal, a start signal, a reset signal, and the like are 
input to the liquid crystal display device 300 through the 
FPC 309. A printed wiring board (PWB) may be attached to 
the FPC 309. The display panel in this specification includes 
not only a main body of the display panel but one with an 
FPC or a PWB attached thereto. 
A sealant 305 surrounds the display region 301, the gate 

side driver circuit 303g, and the source side driver circuit 
303s and attaches the first substrate 310 to a second substrate 
340. A spacer 326 adjusts the height of a space between the 



US 9,612,496 B2 
11 

first substrate 310 and the second substrate 340. The space 
whose height is adjusted is filled with the liquid crystal layer 
331. 
<Liquid Crystal Element> 

In the liquid crystal element 320G the liquid crystal layer 
331 is provided in an electric field between the pixel 
electrode 321 and the common electrode 322. An alignment 
film 328 is formed over the first Substrate 310 to be in 
contact with the liquid crystal layer 331, and an alignment 
film 346 is formed below the second substrate 340 to be in 
contact with the liquid crystal layer 331. 
The pixel electrode 321 has a comb-like shape or an island 

shape and overlaps with a color filter 341G. 
The common electrode 322 in the pixel of the liquid 

crystal display device exemplified in this embodiment is in 
contact with one Surface of an insulating layer 324 and 
overlaps with the color filter 341G. The common electrode 
322 has an opening which overlaps with the pixel electrode 
321. The pixel electrode 321 is in contact with the other 
surface of the insulating layer 324 (see FIGS. 1B and 1C). 
The opening in the common electrode 322 has an effect of 

reducing unnecessary capacitance by reducing an overlap 
with the pixel electrode 321. The opening also can prevent 
or reduce a short circuit between the pixel electrode 321 and 
the common electrode 322, which is caused when a foreign 
substance between the substrates is unintentionally embed 
ded in the first Substrate in a step of overlapping the second 
substrate with the first substrate. Consequently, the liquid 
crystal display device 300 whose power consumption is 
reduced while image quality is prevented from being 
degraded can be provided with high yield. 
Note that the common electrode 322 intersects with the 

pixel electrode 321 in a region overlapping with a light 
blocking layer 342. A modification example of this embodi 
ment is as follows: the common electrode 322 is not pro 
vided with an opening and the pixel electrode 321 is 
overlapped with the common electrode 322, and the liquid 
crystal display device is driven in a fringe field Switching 
(FFS) mode. 
The insulating layer 324 covers the common electrode 

322. The pixel electrode 321 is formed over the insulating 
layer 324. 
The second substrate 340 is provided with the color filter 

341G and the light-blocking layer 342. 
The pixel 350G includes the liquid crystal element 320G 

and the color filter 341G overlapping with the liquid crystal 
element 320G. The light-blocking layer 342 is provided to 
overlap with a region between the pixel 350G and an 
adjacent pixel (see FIG. 1D). 

Note that any of a variety of liquid crystal elements can 
be used in the liquid crystal display device of one embodi 
ment of the present invention. For example, a twisted 
nematic (TN) mode, an in-plane-Switching (IPS) mode, an 
FFS mode, an axially symmetric aligned micro-cell (ASM) 
mode, an optical compensated birefringence (OCB) mode, a 
ferroelectric liquid crystal (FLC) mode, an anti-ferroelectric 
liquid crystal (AFLC) mode, or the like can be used. 
Alternatively, a vertical alignment (VA) mode may be used. 
As the vertical alignment mode, a multi-domain vertical 
alignment (MVA) mode, a patterned vertical alignment 
(PVA) mode, oran advanced super view (ASV) mode can be 
used, for example. 
<Electrical Characteristics of Pixel 
The electrical characteristics of the pixel 350G can be 

described with reference to the equivalent circuit in FIG. 2A. 
The pixel 350G includes the transistor 312 and the liquid 
crystal element 320G. The gate electrode of the transistor 
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312 is electrically connected to the scan line G. One of the 
source electrode and the drain electrode of the transistor 312 
is electrically connected to the signal line S, and the other is 
connected to one electrode of the liquid crystal element 
320G. The other electrode of the liquid crystal element 320G 
is Supplied with a ground potential. 
The liquid crystal element 320G has the resistance com 

ponent 320r and the capacitance component 320c, which are 
connected in parallel to the electrodes of the liquid crystal 
element 320G. 
The pixel 350G has capacitance. The capacitance of the 

pixel 350G includes, in addition to the capacitance compo 
nent 320c of the liquid crystal element 320G, parasitic 
capacitance between the gate electrode and the drain elec 
trode of the transistor 312 and parasitic capacitance between 
wirings. The capacitance of the pixel 350G from which the 
capacitance component of the liquid crystal element 320G is 
subtracted is referred to as capacitance 314. 

In the equivalent circuit, the capacitance 314 and the 
liquid crystal element 320G can be regarded as being 
connected in parallel to the other of the source electrode and 
the drain electrode of the transistor 312. 

Note that the pixel 350G may be provided with a capacitor 
for adjusting the capacitance of the pixel 350G. The capaci 
tor may be formed by overlapping the pixel electrode 321 
with the common electrode 322, or by providing a conduc 
tive film in the same layer as the gate electrode and a 
conductive film in the same layer as the source electrode or 
the drain electrode such that the conductive films overlap 
with each other. 
<Voltage Drop Due to Leakage Current>> 

In the liquid crystal display device of one embodiment of 
the present invention, there are three typical paths through 
which current leaks from a pixel into which an image signal 
is written. Current which leaks through these three paths 
causes a drop in the Voltage of the liquid crystal element. 
The estimated amount of the Voltage drop is mentioned 
below. Note that the density at which pixels are arranged is 
300 per inch. 
As the first path, current leaks through the transistor in an 

off state. The current which leaks through the transistor can 
be about 10 A. Further, current which leaks through a gate 
insulating film of the transistor is estimated to be about 10' 
A. 
As the second and third paths, current leaks through the 

liquid crystal element and through the capacitor. The leakage 
current is estimated to be about 10 A as for both the 
second and third paths. According to the above, the total 
leakage current is about 107 A. Note that the resistance 
component of the liquid crystal element is about 10" S2 cm 
to 10' S2 cm. 

In the case where the capacitance of the pixel is 1 fF, the 
amount of a Voltage drop due to leakage current within /60 
sec (when a pixel circuit is driven at a frequency of 60 Hz) 
is estimated to be about 10 V. A voltage drop of such a 
degree does not cause a problem in the case of a liquid 
crystal element that is driven by several volts. 

In the case where the pixel is not provided with capaci 
tance, the amount of the Voltage drop due to leakage current 
within /60 sec is estimated to be about 10 V. 
The above liquid crystal display device 300 exemplified 

in this embodiment includes the transistor 312 whose leak 
age current in an off state is reduced and the liquid crystal 
element 320G. The capacitance of the pixel 350G satisfies 
the formula (1) and the formula (2). Thus, the potential of an 
image signal written into the pixel 350G can be held and the 
aperture ratio of the liquid crystal element 320G can be 
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increased. Consequently, the liquid crystal display device 
300 whose power consumption is reduced while image 
quality is prevented from being degraded can be provided. 

Elements included in the liquid crystal display device 300 
of one embodiment of the present invention are described 
below. 
<Transistors 
An insulated-gate field effect transistor (hereinafter sim 

ply referred to as a transistor) having an extremely low 
off-state current can be used in the liquid crystal display 
device of one embodiment of the present invention. 

For example, it is possible to use a transistor that includes 
a semiconductor material having a wider band gap and a 
lower intrinsic carrier density than silicon in a channel 
formation region. Specifically, a compound semiconductor 
such as silicon carbide (SiC) or gallium nitride (GaN), an 
oxide semiconductor including a metal oxide Such as Zinc 
oxide (ZnO), and the like can be used as the semiconductor 
material. Some oxide semiconductors have a band gap about 
three times as wide as that of silicon. 

With a channel formation region including a semiconduc 
tor material having such characteristics, a transistor with an 
extremely low off-state current and a high withstand Voltage 
can be obtained. By using a transistor having an extremely 
low off-state current in a pixel, the potential of an image 
signal can be held for a longer period as compared to the 
case of using a transistor formed using a normal semicon 
ductor material Such as silicon or germanium. 
Among the above, an oxide semiconductor has an advan 

tage of high mass productivity because an oxide semicon 
ductor can be formed by sputtering, a wet process (e.g., a 
printing method), or the like. In addition, the process tem 
perature of the oxide semiconductor is as low as 300° C. to 
500° C. (the glass transition temperature or lower, about 
700° C. at the maximum), whereas the process temperature 
of silicon carbide and that of gallium nitride are about 1500 
C. and about 1100° C., respectively; therefore, the oxide 
semiconductor can be formed over a glass Substrate which is 
inexpensively available. Further, a larger substrate can be 
used. Accordingly, among the semiconductors, the oxide 
semiconductor particularly has an advantage of high mass 
productivity. Further, in the case where an oxide semicon 
ductor with high crystallinity is to be obtained in order to 
improve the performance of a transistor (e.g., field-effect 
mobility), the oxide semiconductor with crystallinity can be 
easily obtained by heat treatment at 450° C. to 800° C. 

Note that a purified oxide semiconductor (purified OS) 
obtained by reduction of impurities Such as moisture or 
hydrogen which serves as an electron donor (donor) is an 
intrinsic (i-type) semiconductor or a substantially i-type 
semiconductor. Therefore, a transistor including the oxide 
semiconductor has a characteristic of extremely low off-state 
Current. 

Specifically, the hydrogen concentration in a purified 
oxide semiconductor film which is measured by secondary 
ion mass spectrometry (SIMS) is less than or equal to 
5x10'/cm, preferably less than or equal to 5x10"/cm, 
more preferably less than or equal to 5x10'7/cm, still more 
preferably less than or equal to 1x10'/cm. In addition, the 
carrier density of the oxide semiconductor film, which can 
be measured by Hall effect measurement, is less than 
1x10''/cm, preferably less than 1x10'/cm, more prefer 
ably less than 1x10'/cm. Furthermore, the band gap of the 
oxide semiconductor is 2 eV or more, preferably 2.5 eV or 
more, more preferably 3 eV or more. By using the oxide 
semiconductor film which is purified by sufficiently reduc 
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14 
ing the concentration of impurities such as moisture or 
hydrogen, off-state current of the transistor can be reduced. 
The analysis of the hydrogen concentration in the oxide 

semiconductor film is described here. The hydrogen con 
centration in the oxide semiconductor film and a conductive 
film is measured by SIMS. It is known to be difficult to 
obtain accurate data in the proximity of a surface of a sample 
or in the proximity of an interface between stacked films 
formed of different materials by the SIMS analysis in 
principle. Thus, in the case where the distribution of the 
hydrogen concentration in the thickness direction of a film 
is analyzed by SIMS, the average value of the hydrogen 
concentration in a region of the film where almost the same 
value can be obtained without significant variation is 
employed as the hydrogen concentration. Further, in the case 
where the thickness of the film is small, a region where 
almost the same value can be obtained cannot be found in 
Some cases due to the influence of the hydrogen concentra 
tion of an adjacent film. In this case, the maximum value or 
the minimum value of the hydrogen concentration in a 
region where the film is provided is employed as the 
hydrogen concentration of the film. Furthermore, in the case 
where a maximum value peak and a minimum value Valley 
do not exist in the region where the film is provided, the 
value of the inflection point is employed as the hydrogen 
concentration. 

Various experiments can actually prove a small amount of 
off-state current of the transistor including the purified oxide 
semiconductor film as an active layer. For example, even 
with an element with a channel width of 1x10° um and a 
channel length of 10 um, in a range of from 1 V to 10 V of 
voltage (drain voltage) between a source electrode and a 
drain electrode, it is possible that off-state current (which is 
drain current in the case where Voltage between a gate 
electrode and the source electrode is 0 V or less) is less than 
or equal to the measurement limit of a semiconductor 
parameter analyzer, that is, less than or equal to 1x10' A. 
In this case, it can be found that an off-state current density 
corresponding to a value obtained by dividing the off-state 
current by the channel width of the transistor is less than or 
equal to 100 ZA/um. In addition, a capacitor and a transistor 
were connected to each other and the off-state current 
density was measured by using a circuit in which electric 
charge flowing into or from the capacitor was controlled by 
the transistor. In the measurement, the purified oxide semi 
conductor film was used as a channel formation region in the 
transistor, and the off-state current density of the transistor 
was measured from change in the amount of electric charge 
of the capacitor per unit time. As a result, it was found that 
in the case where the voltage between the source electrode 
and the drain electrode of the transistor was 3V, a lower 
off-state current density of several tens of yoctoamperes per 
micrometer (yA/um) was able to be obtained. Thus, in a 
semiconductor device according to one embodiment of the 
present invention, the off-state current density of a transistor 
in which a purified oxide semiconductor film is used as an 
active layer can be less than or equal to 100 yA/um, 
preferably less than or equal to 10 yA/um, further preferably 
less than or equal to 1 yA/um depending on the Voltage 
between a source electrode and a drain electrode. Accord 
ingly, the transistor including the purified oxide semicon 
ductor film as an active layer has much lower off-state 
current than a transistor including crystalline silicon. 

In addition, a transistor including a purified oxide semi 
conductor shows almost no temperature dependence of 
off-state current. This is because an impurity serving as an 
electron donor (donor) in the oxide semiconductor is 
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removed and the oxide semiconductor is purified, so that a 
conductivity type is close to a substantially intrinsic type and 
the Fermi level is located in the center of the forbidden band. 
This also results from the fact that the oxide semiconductor 
has an energy gap of 3 eV or more and includes very few 
thermally excited carriers. In addition, the source electrode 
and the drain electrode are in a degenerated State, which is 
also a factor for showing no temperature dependence. The 
transistor is mostly operated with carriers injected into the 
oxide semiconductor from the degenerated source electrode 
and the carrier density has no dependence on temperature; 
therefore, the off-state current has no dependence on tem 
perature. 
As the oxide semiconductor, a four-component metal 

oxide Such as an In-Sn—Ga—Zn-based oxide; a three 
component metal oxide Such as an In-Ga—Zn-based 
oxide, an In-Sn—Zn-based oxide, an In Al-Zn-based 
oxide, a Sn—Ga—Zn-based oxide, an Al-Ga—Zn-based 
oxide, or a Sn—Al-Zn-based oxide; a two-component 
metal oxide Such as an In-Zn-based oxide, a Sn—Zn-based 
oxide, an Al-Zn-based oxide, a Zn-Mg-based oxide, a 
Sn-Mg-based oxide, an In-Mg-based oxide, or an In 
Ga-based oxide; indium oxide; tin oxide; Zinc oxide; or the 
like can be used. Note that in this specification, for example, 
an In-Sn—Ga—Zn-based oxide means a metal oxide con 
taining indium (In), tin (Sn), gallium (Ga), and Zinc (Zn), 
and there is no particular limitation on the composition 
thereof. The above oxide semiconductor may contain sili 
CO. 

A material represented by InMO(ZnO), (mo-0, m is not 
an integer) may be used as the oxide semiconductor. Note 
that M represents one or more metal elements selected from 
Ga, Fe, Mn, and Co. Alternatively, a material represented by 
InSnO(ZnO), (n0, n is an integer) may be used as the 
oxide semiconductor. 

With a channel formation region including a semiconduc 
tor material having the above characteristics, a transistor 
with an extremely low off-state current and a high withstand 
Voltage can be obtained. Further, when the transistor having 
the above-described structure is used as a Switching element, 
leakage of charge accumulated in a liquid crystal element 
can be prevented effectively as compared to the case of using 
a transistor including a normal semiconductor material Such 
as silicon or germanium. Accordingly, the potential of an 
image signal can be held for a longer period, so that without 
a capacitor for holding a potential of an image signal 
connected to the liquid crystal element, the quality of the 
displayed image can be prevented from being lowered. 
Thus, it is possible to increase the aperture ratio by reducing 
the size of a capacitor or by not providing a capacitor, which 
leads to a reduction in power consumption of the liquid 
crystal display device. 

Note that this embodiment can be combined with any of 
the other embodiments in this specification as appropriate. 

Embodiment 2 

In this embodiment, a structure of a liquid crystal display 
device of one embodiment of the present invention is 
described with reference to FIG. 3A. FIG. 3A is a circuit 
diagram illustrating a structure of a display portion of a 
liquid crystal display device of one embodiment of the 
present invention. 
The liquid crystal display device exemplified in this 

embodiment includes a plurality of Scan lines (scan lines G1 
to Gy) extending in a row direction, a plurality of signal lines 
(signal lines S1 to SX) intersecting with the scan lines and 
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extending in a column direction, and a pixel 100 provided in 
a region Surrounded by adjacent scan lines (e.g., the scan 
lines G1 and G2) and adjacent signal lines (e.g., the signals 
lines S1 and S2). Both the scan lines and the signal lines are 
arranged at a density of 300 or more per inch (see FIG. 3A). 
The pixel 100 includes a transistor 102 including a 

semiconductor material having a wider band gap and a lower 
intrinsic carrier density than silicon in a channel formation 
region, a gate electrode electrically connected to one scan 
line, and a source electrode and a drain electrode one of 
which is electrically connected to one signal line and a liquid 
crystal element 103 including a pixel electrode electrically 
connected to the other of the source electrode and the drain 
electrode of the transistor 102, a liquid crystal layer, and a 
common electrode. The minimum value of a capacitance 
(C+C) of the pixel 100 satisfies the formula (1) and the 
maximum value of the capacitance (C-C) of the pixel 
100 satisfies the formula (2). 
Note that, in the formula (1) and the formula (2), C 

represents the capacitance of the pixel 100 from which a 
capacitance due to the liquid crystal element 103 is sub 
tracted, C, represents the minimum value of a capacitance 
component of the liquid crystal element 103, C, represents 
the maximum value of the capacitance component of the 
liquid crystal element 103, (C-C) represents an amount 
of change in the capacitance component of the liquid crystal 
element 103, n represents the number of gray levels, and m 
represents a difference between gray levels which is required 
to be recognizable (that is, two image signals which differ in 
gray level by m are required to be distinguishable). 
The above liquid crystal display device exemplified this 

embodiment includes the transistor 102 whose leakage cur 
rent in an off state is reduced and the liquid crystal element 
103. The capacitance of the pixel 100 satisfies the formula 
(1) and the formula (2). The pixels 100 are included in a 
matrix at a density of 300 or more per inch. Thus, the 
potential of an image signal written into the pixel can be held 
and the aperture ratio of the liquid crystal element can be 
increased. Consequently, a liquid crystal display device 
whose power consumption is reduced while image quality is 
prevented from being degraded can be provided. 

Each of the pixels 100 includes at least one of the signal 
lines S1 to SX and at least one of the scan lines G1 to Gy. 
In addition, the pixel 100 includes the transistor 102 which 
functions as a Switching element and the liquid crystal 
element 103. The liquid crystal element 103 includes a pixel 
electrode, a common electrode, and liquid crystal to which 
voltage between the pixel electrode and the common elec 
trode is applied. 
The transistor 102 controls whether a potential of the 

signal line, that is, a potential of an image signal is Supplied 
to the pixel electrode of the liquid crystal element 103. A 
predetermined reference potential is Supplied to the common 
electrode of the liquid crystal element 103. 

Next, a specific connection relation of the transistor 102 
and the liquid crystal element 103 is described. Note that one 
of a source electrode and a drain electrode is referred to as 
a first terminal, and the other, a second terminal. 
A gate electrode of the transistor 102 is connected to any 

one of the scan lines G1 to Gy. A first terminal of the 
transistor 102 is connected to any one of the signal lines S1 
to SX, and a second terminal of the transistor 102 is 
connected to the pixel electrode of the liquid crystal element 
103. 
Note that the pixel 100 may further include another circuit 

element such as a transistor, a diode, a resistor, a capacitor, 
or an inductor as needed. 
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Note that FIG. 3A illustrates a case where one transistor 
102 is used as a switching element in the pixel 100; however, 
one embodiment of the present invention is not limited to 
this structure. A plurality of transistors may be used as one 
Switching element. In the case where a plurality of transis 
tors function as one Switching element, the plurality of 
transistors may be connected to each other in parallel, in 
series, or in combination of parallel connection and series 
connection. 

Note that this embodiment can be combined with any of 
the other embodiments in this specification as appropriate. 

Embodiment 3 

In this embodiment, a method for driving the liquid 
crystal display device of one embodiment of the present 
invention exemplified in Embodiment 2 is described with 
reference to FIGS 3A and 3B and FIGS 4A and 4.B. FIG. 
3A is a circuit diagram illustrating the structure of the 
display portion of the liquid crystal display device of one 
embodiment of the present invention. FIG. 3B is a top view 
illustrating the arrangement of a pixel in the display portion 
and signal lines between which the pixel is provided. FIGS. 
4A and 4B are schematic views showing the polarities of 
image signals that are written into pixels in the display 
portion of the liquid crystal display device of one embodi 
ment of the present invention. 
The method for driving a liquid crystal display device 

exemplified in this embodiment is a method for driving the 
liquid crystal display device exemplified in Embodiment 2. 

In a first step, a selection signal is input to one scan line 
(e.g., the scan line G2), so that pixels electrically connected 
to the scan line are selected from the plurality of pixels 100. 

Then, in a second step, image signals having alternating 
opposite polarities are input to a first signal line and a second 
signal line (e.g., the signal lines S1 and S2) arranged with a 
pixel provided therebetween, so that the image signals 
having opposite polarities are sequentially written into the 
selected plurality of pixels. 
The method for driving the liquid crystal display device 

described as an example in this embodiment includes the 
first step of selecting a plurality of pixels electrically con 
nected to one scan line and the second step of sequentially 
writing image signals having alternating opposite polarities 
into the selected plurality of pixels. In this method, the 
potentials of a pair of signal lines change in opposite polarity 
directions, whereby the fluctuation of the potential of a pixel 
electrode can be cancelled out; thus, crosstalk can be 
reduced. Consequently, a method for driving a liquid crystal 
display device whose power consumption is reduced while 
image quality is prevented from being degraded can be 
provided. 
<Crosstalk 

Crosstalk refers to a phenomenon in which when the 
potential of a signal line is changed in the period during 
which the potential of an image signal is held, the potential 
of a pixel electrode fluctuates accordingly. Crosstalk causes 
degradation of display contrast. 

Crosstalk is caused by parasitic capacitance that is formed 
between a signal line for inputting an image signal to a pixel 
and a pixel electrode included in a liquid crystal element. 

FIG. 3B illustrates a structure of the pixels 100 in one 
column, which are connected to a signal line Si (i is any 
number of 1 to x-1). Note that FIG. 3B illustrates a pixel 
electrode 104 included in the liquid crystal element 103. 
instead of the liquid crystal element 103 illustrated in FIG. 
3A. 
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In the pixel 100 to which the signal line Si is connected, 

the pixel electrode 104 is positioned between the signal line 
Si and a signal line Si--1 that is adjacent to the signal line Si. 
If the transistor 102 is off, it is ideal that the pixel electrode 
104 and the signal line Si are electrically separated from 
each other. Further, ideally, the pixel electrode 104 and the 
signal line Si--1 are electrically separated from each other. 
However, there actually exist a parasitic capacitance 106 
between the pixel electrode 104 and the signal line Si, and 
a parasitic capacitance 107 between the pixel electrode 104 
and the signal line Si--1. 

In the case where a capacitor is not connected to the liquid 
crystal element 103, or in the case where a capacitor 
connected to the liquid crystal element 103 has a small 
capacitance, the potential of the pixel electrode 104 is easily 
affected by the parasitic capacitance 106 and the parasitic 
capacitance 107. Therefore, even when the transistor 102 is 
in an off state in a period during which a potential of an 
image signal is held, there easily occurs a phenomenon 
called crosstalk in which the potential of the pixel electrode 
104 fluctuates in accordance with the change in the potential 
of the signal line Si or the signal line Si-1. Therefore, in the 
case of using normally-white liquid crystal for the liquid 
crystal element 103, images are whitish and the contrast is 
low. 
<Source Line Inversion and Dot Inversion> 

In one embodiment of the present invention, image sig 
nals having opposite polarities are input to the signal line Si 
and the signal line Si-1 arranged with the pixel electrode 
104 provided therebetween, in one given frame period. 
Note that the “image signals having opposite polarities’ 

means, on the assumption that the potential of a common 
electrode of the liquid crystal element is a reference poten 
tial, an image signal having a potential higher than the 
reference potential and an image signal having a potential 
lower than the reference potential. 
Two methods (source line inversion and dot inversion) 

can be given as examples of a method for sequentially 
writing image signals having alternating opposite polarities 
into a plurality of pixels which are selected. In either 
method, the potentials of a pair of signal lines change in 
opposite polarity directions, whereby the fluctuation of the 
potential of a pixel electrode can be cancelled out. There 
fore, crosstalk can be reduced. 

Source line inversion is a method in which image signals 
having opposite polarities are input in one given frame 
period so that the polarity of image signals input to a 
plurality of pixels connected to one signal line and the 
polarity of image signals input to a plurality of pixels 
connected to a signal line that is adjacent to the above signal 
line are opposite to each other. 

FIG. 4A schematically shows polarities of image signals 
Supplied to pixels in the case of Source line inversion 
driving. In FIG. 4A, “+” indicates a pixel to which an image 
signal having a positive polarity is Supplied in one given 
frame period, and '-' indicates a pixel to which an image 
signal having a negative polarity is Supplied in the given 
frame period. The frame on the right side of FIG. 4A is a 
frame following the frame on the left side. 

In the source line inversion driving, image signals having 
the same polarity are Supplied to all of plural pixels con 
nected to the same signal line. In addition, image signals 
having the polarity opposite to the above polarity are Sup 
plied to all of plural pixels connected to the adjacent signal 
line. 

Dot inversion is a method in which image signals having 
opposite polarities are input in one given frame period so 
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that the polarity of image signals input to a plurality of pixels 
connected to one signal line and the polarity of image signals 
input to a plurality of pixels connected to a signal line 
adjacent to the above signal line are opposite to each other 
and, in addition, so that in the plurality of pixels connected 
to the one signal line, the polarity of an image signal input 
to a pixel and the polarity of an image signal input to a pixel 
adjacent to the pixel are opposite to each other. 

FIG. 4B schematically shows polarities of image signals 
Supplied to pixels in the case of dot inversion driving. In 
FIG. 4B, “+” indicates a pixel to which an image signal 
having a positive polarity is Supplied in one given frame 
period, and '-' indicates a pixel to which an image signal 
having a negative polarity is Supplied in the given frame 
period. The frame on the right side of FIG. 4B is a frame 
following the frame on the left side. 

In the dot inversion driving, the polarity of image signals 
Supplied to a plurality of pixels connected to one signal line 
is opposite to the polarity of image signals Supplied to a 
plurality of pixels connected to a signal line adjacent to the 
signal line. In addition, in a plurality of pixels connected to 
one signal line, the polarity of an image signal Supplied to 
a pixel is opposite to the polarity of an image signal Supplied 
to a pixel adjacent to the pixel. That is, when focusing on one 
frame period, the polarity of an image signal input to one 
signal line is inverted alternately. 

In either method, an image signal having a positive (+) 
polarity is input to the signal line Si and an image signal 
having a negative (-) polarity is input to the signal line Si--1. 
Next, an image signal having a negative (-) polarity is input 
to the signal line Si and an image signal having a positive (+) 
polarity is input to the signal line Si--1. Then, an image 
signal having a positive (+) polarity is input to the signal line 
Si and an image signal having a negative (-) polarity is input 
to the signal line Si--1. 
When image signals having polarities opposite to each 

other are input to the signal line Si and the signal line Si--1 
in this manner, a fluctuation in the potential of the pixel 
electrode 104 which is caused by a change in the potential 
of the signal line Si and a fluctuation in the potential of the 
pixel electrode 104 which is caused by a change in the 
potential of the signal line Si--1 work in opposite directions 
and are balanced out. 
As a result, even in the case where the pixel 100 has a 

relatively small capacitance, the fluctuation in the potential 
of the pixel electrode 104 can be small. Accordingly, cross 
talk is reduced and the image quality can be improved. 
<Timing Charts 

FIG. 5 is a timing chart in the case of operating a display 
portion 101 illustrated in FIG. 3A by source line inversion 
driving. Specifically, FIG. 5 shows changes over time of the 
potential of a signal Supplied to the scan line G1, the 
potentials of image signals Supplied to the signal lines S1 to 
Sx, and the potentials of the pixel electrodes included in 
pixels connected to the scan line G1. 

First, the scan line G1 is selected by inputting a signal 
with a pulse to the scan line G1. In each of the plurality of 
pixels 100 connected to the selected scan line G1, the 
transistor 102 is turned on. When a potential of an image 
signal is Supplied to the signal lines S1 to SX in the state 
where the transistor 102 is on, the potential of the image 
signal is Supplied to the pixel electrode of the liquid crystal 
element 103 via the on-state transistor 102. 

In the timing chart of FIG. 5, an example is shown in 
which, in a period during which the scan line G1 is selected 
in the first frame period, image signals having a positive 
polarity are sequentially input to the odd-numbered signal 
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lines S1, S3, ... and image signals having a negative polarity 
are sequentially input to the even-numbered signal lines S2, 
S4. . . . SX. Therefore, image signals having a positive 
polarity are supplied to the pixel electrodes (S1), (S3), . . . 
in the pixels 100 which are connected to the odd-numbered 
signal lines S1, S3, . . . . Further, image signals having a 
negative polarity are Supplied to the pixel electrodes (S2), 
(S4). . . . (SX) in the pixels 100 connected to the even 
numbered signal lines S2, S4, . . . SX. 

In the liquid crystal element 103, the alignment of liquid 
crystal molecules is changed in accordance with the level of 
the voltage applied between the pixel electrode and the 
common electrode, whereby transmittance is changed. 
Accordingly, the transmittance of the liquid crystal element 
103 can be controlled by the potential of the image signal; 
thus, gradation can be displayed. 
When input of image signals to the signal lines S1 to SX 

is completed, the selection of the scan line G1 is terminated. 
When the selection of the scan line is terminated, the 
transistors 102 are turned off in the pixels 100 connected to 
the scan line. Then, voltage applied between the pixel 
electrode and the common electrode is held in the liquid 
crystal element 103, whereby display of gradation is main 
tained. Further, the scan lines G2 to Gy are sequentially 
selected, and operations similar to that in the period during 
which the scan line G1 is selected are performed in the 
pixels connected to the above respective scan lines. 

Next, the scan line G1 is selected again in the second 
frame period. In a period during which the scan line G1 is 
selected in the second frame period, image signals having a 
negative polarity are sequentially input to the odd-numbered 
signal lines S1, S3, . . . and image signals having a positive 
polarity are sequentially input to the even-numbered signal 
lines S2, S4, ... Sx, unlike the period during which the scan 
line G1 is selected in the first frame period. Therefore, image 
signals having a negative polarity are Supplied to the pixel 
electrodes (S1), (S3), . . . in the pixels 100 which are 
connected to the odd-numbered signal lines S1, S3, . . . . 
Further, image signals having a positive polarity are Sup 
plied to the pixel electrodes (S2), (S4), ... (SX) in the pixels 
100 connected to the even-numbered signal lines S2, 
S4, . . . SX. 

Also in the second frame period, when input of image 
signals to the signal lines S1 to SX is completed, the selection 
of the scan line G1 is terminated. Further, the scan lines G2 
to Gyare sequentially selected, and operations similar to that 
in the period during which the scan line G1 is selected are 
performed in the pixels connected to the above respective 
scan lines. 
An operation similar to the above is repeated in the third 

frame period and the fourth frame period. 
Although an example in which image signals are sequen 

tially input to the signal lines S1 to SX is shown in the timing 
chart of FIG. 5, one embodiment of the present invention is 
not limited to this structure. Image signals may be input to 
the signal lines S1 to SX all at once, or image signals may 
be sequentially input per plural signal lines. 

In this embodiment, the scan line is selected by progres 
sive scan; however, interlace scan may also be employed for 
selecting a scan line. 
By inversion driving in which the polarity of the potential 

of an image signal is inverted using the reference potential 
of a common electrode as a reference, degradation of liquid 
crystal called burn-in can be prevented. 

However, in the inversion driving, the change in the 
potential Supplied to the signal line is increased at the time 
of changing the polarity of the image signal; thus, a potential 
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difference between a source electrode and a drain electrode 
of the transistor 102 which functions as a switching element 
is increased. Accordingly, degradation of characteristics, 
Such as a shift of threshold Voltage, is easily caused in the 
transistor 102. 

Furthermore, in order to maintain the voltage held in the 
liquid crystal element 103, the off-state current of the 
transistor 102 needs to be low even when the potential 
difference between the source electrode and the drain elec 
trode is large. 

In one embodiment of the present invention, a semicon 
ductor which has a wider band gap and a lower intrinsic 
carrier density than silicon or germanium, Such as an oxide 
semiconductor, is used for the transistor 102; therefore, the 
withstand voltage of the transistor 102 can be increased and 
the off-state current can be made extremely low. Therefore, 
as compared to the case of using a transistor including a 
normal semiconductor material Such as silicon or germa 
nium, deterioration of the transistor 102 can be prevented 
and the voltage held in the liquid crystal element 103 can be 
maintained. 

Note that the response time of liquid crystal from appli 
cation of voltage to saturation of the change in transmittance 
is generally about ten milliseconds. Thus, a change in the 
transmittance of a liquid crystal element tends to be recog 
nized as a blur of a moving image. As a countermeasure, in 
one embodiment of the present invention, overdriving may 
be employed in which the voltage applied to the liquid 
crystal element 103 is temporarily increased so that the 
alignment of liquid crystal changes quickly. By overdriving, 
a change in the transmittance of a liquid crystal element 
becomes less likely to be recognized as a blur of a moving 
image, and the quality of a moving image can be improved. 

Further, if the transmittance of the liquid crystal element 
keeps changing without reaching a constant value after the 
transistor 102 is turned off, the permittivity of the liquid 
crystal also changes; accordingly, the Voltage held in the 
liquid crystal element easily changes. In particular, as in one 
embodiment of the present invention, in the case where a 
capacitor is not connected in parallel to the liquid crystal 
element or in the case where a capacitor connected in 
parallel to the liquid crystal element has a small capacitance, 
the above-described change in the voltage held in the liquid 
crystal element tends to occur remarkably. However, by the 
overdriving, the response time can be shortened and there 
fore the change in the transmittance of the liquid crystal 
element after the transistor 102 is turned off can be made 
Small. Accordingly, even in the case where a capacitor is not 
connected in parallel to the liquid crystal element or even in 
the case where a capacitor connected in parallel to the liquid 
crystal element has a small capacitance, the change in the 
voltage held in the liquid crystal element after turning off the 
transistor 102 can be prevented. 

Note that this embodiment can be combined with any of 
the other embodiments in this specification as appropriate. 

Embodiment 4 

In this embodiment, one embodiment of a structure of a 
transistor which is applicable to a liquid crystal display 
device of one embodiment of the present invention and a 
method for manufacturing the transistor will be described 
with reference to FIGS. 6A to 6C and FIGS. 7A to 7D. 
Specifically, the transistor can be used as the transistor 312 
in the display portion of the liquid crystal display device 
described in Embodiment 1. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
FIG. 6A is a plan view of a structure of a bottom-gate 

transistor 412 which is applicable to a liquid crystal display 
device of one embodiment of the present invention, FIG. 6B 
is a cross-sectional view taken along line X1-Y1 in FIG. 6A, 
and FIG. 6C is a cross-sectional view taken along line 
V1-W1 in FIG. 6A. FIGS. 7A to 7D are cross-sectional 
views illustrating a method for manufacturing the transistor 
412. 

The transistor 412 in FIGS. 6A to 6C includes a gate 
electrode layer 402 over a substrate 410 having an insulating 
Surface, a gate insulating layer 404 over the gate electrode 
layer 402, an oxide semiconductor layer 408 which is in 
contact with the gate insulating layer 404 and overlaps with 
the gate electrode layer 402, and a source or drain electrode 
layer 406a and a source or drain electrode layer 406b which 
are electrically connected to the oxide semiconductor layer 
408. 

Further, an insulating layer 416 which covers the source 
or drain electrode layer 406a and the source or drain 
electrode layer 406b and is in contact with the oxide 
semiconductor layer 408 may be included as a component of 
the transistor 412. The channel length of the transistor 412 
can be, for example, 1 um or more. 
An insulating layer 417 planarizes unevenness which is 

caused by a structure (e.g., the transistor 412) formed over 
the substrate 410. A common electrode 422 is formed over 
the insulating layer 417, and an insulating film 424 is formed 
over the common electrode 422. A pixel electrode 421 is 
electrically connected to the source or drain electrode layer 
406b of the transistor 412 through an opening provided in 
the insulating film 424, the insulating layer 417, and the 
insulating layer 416. 
The structure exemplified in this embodiment includes 

oxygen-containing insulating layers (each of which is a 
silicon oxide layer, a silicon oxide layer containing nitrogen, 
or the like) as insulating layers (a gate insulating layer 404b 
and an insulating layer 416a) which are in contact with the 
oxide semiconductor layer 408. Thus, oxygen can be Sup 
plied to the oxide semiconductor layer 408 to fill oxygen 
vacancies in the oxide semiconductor layer 408. 
The structure also includes silicon nitride films as insu 

lating layers (a gate insulating layer 404a and an insulating 
layer 416b) which are provided above and below the oxide 
semiconductor layer 408 to be in contact with the oxygen 
containing insulating layers. The silicon nitride films each 
function as a blocking film which prevents hydrogen or a 
compound containing hydrogen (e.g., water) from entering 
the oxide semiconductor layer 408. Accordingly, with such 
a stacked-layer structure, the reliability of the transistor can 
be improved. 

Elements included in a transistor which is applicable to a 
liquid crystal display device of one embodiment of the 
present invention are described below. 
<Gate Insulating Layer 

In this embodiment, the gate insulating layer 404 is a 
stack of the gate insulating layer 404a which is in contact 
with the gate electrode layer 402 and the gate insulating 
layer 404b which is over the gate insulating layer 404a and 
in contact with the oxide semiconductor layer 408. 
<Insulating Layers 
The insulating layer 416 is a stack of the insulating layer 

416a which is in contact with the source or drain electrode 
layer 406a and the source or drain electrode layer 406b and 
the insulating layer 416b which is over the insulating layer 
416a. 
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<Oxide Semiconductor Layers 
The oxide semiconductor layer 408 is in a single crystal 

state, a polycrystalline (also referred to as polycrystal) state, 
an amorphous state, or the like. Note that the oxide semi 
conductor layer 408 is preferably a CAAC-OS (c-axis 
aligned crystalline oxide semiconductor) film. A structure in 
which a CAAC-OS film is used as the oxide semiconductor 
layer 408 is described in detail in Embodiment 5. 
An oxide semiconductor used for the oxide semiconduc 

tor layer 408 contains at least indium (In). In particular, 
indium and Zinc (Zn) are preferably contained. In addition, 
as a stabilizer for reducing the variation in electrical char 
acteristics of a transistor using the oxide semiconductor, 
gallium (Ga) is preferably additionally contained. It is 
preferable that one or more elements selected from tin (Sn), 
hafnium (Hf), aluminum (Al), and Zirconium (Zr) be con 
tained as a stabilizer. 
As another stabilizer, one or plural kinds of lanthanoid 

Such as lanthanum (La), cerium (Ce), praseodymium (Pr). 
neodymium (Nd), Samarium (Sm), europium (Eu), gado 
linium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), 
erbium (Er), thulium (Tm), ytterbium (Yb), or lutetium (Lu) 
may be contained. 
As the oxide semiconductor, for example, indium oxide, 

tin oxide, Zinc oxide, a two-component metal oxide Such as 
an In-Zn-based oxide, an In-Mg-based oxide, or an 
In—Ga-based oxide, a three-component metal oxide Such as 
an In-Ga—Zn-based oxide, an In Al-Zn-based oxide, 
an In-Sn—Zn-based oxide, an In-Hf, Zn-based oxide, 
an In-La-Zn-based oxide, an In-Ce—Zn-based oxide, 
an In-Pr—Zn-based oxide, an In-Nd-Zn-based oxide, 
an In Sm—Zn-based oxide, an In Eu—Zn-based oxide, 
an In-Gd—Zn-based oxide, an In Tb-Zn-based oxide, 
an In-Dy—Zn-based oxide, an In-Ho-Zn-based oxide, 
an In-Er—Zn-based oxide, an In Tm—Zn-based oxide, 
an In Yb-Zn-based oxide, or an In-Lu-Zn-based 
oxide, or a four-component metal oxide such as an In Sn— 
Ga—Zn-based oxide, an In-Hf Ga—Zn-based oxide, an 
In—Al-Ga—Zn-based oxide, an In Sn—Al-Zn-based 
oxide, an In-Sn-Hf, Zn-based oxide, or an In-Hf 
Al-Zn-based oxide can be used. 

For example, an "In-Ga—Zn-based oxide” means an 
oxide containing In, Ga., and Zn as its main components and 
there is no particular limitation on the ratio of In, Ga., and Zn. 
The In-Ga-Zn-based oxide may contain a metal element 
other than the In, Ga, and Zn. 
A material represented by InMO(ZnO), (mid-0, m is not 

an integer) may be used as the oxide semiconductor. Note 
that M represents one or more metal elements selected from 
Ga, Fe, Mn, and Co. Alternatively, a material represented by 
InSnO(ZnO), (n0, n is an integer) may be used as the 
oxide semiconductor. 

For example, an In-Ga—Zn-based oxide with an atomic 
ratio of In:Ga:Zn=1:1:1 (=/3:/3:/3), In: Ga:Zn2:2:1 (=2/s: 
2/5:/s), or In:Ga:Zn=3:1:2 (=/2:/6:/3), or any of oxides 
whose composition is in the neighborhood of the above 
compositions can be used. Alternatively, an In Sn—Zn 
based oxide with an atomic ratio of In: Sn:Zn=1:1:1 (=/3: 
'4:/3), In:Sn:Zn=2:1:3 (=/3: /6: /2), or In: Sn:Zn2:1:5 (=4: 
/8:5/8), or any of oxides whose composition is in the 
neighborhood of the above compositions may be used. 

However, an oxide semiconductor containing indium that 
is included in a transistor is not limited to the materials given 
above; a material with an appropriate composition may be 
used for a transistor including an oxide semiconductor 
containing indium depending on necessary electrical char 
acteristics (e.g., field-effect mobility, threshold Voltage, and 
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variation). In order to obtain necessary electrical character 
istics, it is preferable that the carrier concentration, the 
impurity concentration, the defect density, the atomic ratio 
of a metal element to oxygen, the interatomic distance, the 
density, and the like be set as appropriate. 

For example, high field-effect mobility can be obtained 
relatively easily in a transistor including an In Sn—Zn 
based oxide. Also in the case of a transistor including an 
In Ga—Zn-based oxide, the field-effect mobility can be 
increased by reducing the defect density in a bulk. 

Note that for example, the expression “the composition of 
an oxide including In, Ga., and Zn at the atomic ratio, 
In: Ga:Zn-a:b:c (a+b+c-1), is in the neighborhood of the 
composition of an oxide including In, Ga, and Zn at the 
atomic ratio. In: Ga:Zn=A:B:C (A+B+C=1) means that a, b, 
and c satisfy the following relation: (a-A)+(b-B)+(c-C) 
fer, and r may be 0.05, for example. The same applies to 
other oxides. 
The oxide semiconductor layer can be formed by a 

sputtering method. Generation of particles in deposition can 
be reduced by using a sputtering target containing indium. 
Therefore, the oxide semiconductor layer containing indium 
is preferable. 
<Method for Manufacturing Transistord 
An example of a method for manufacturing the transistor 

412 is described below with reference to FIGS. 7A to 7D. 
<Gate Electrode Layerd 

First, the gate electrode layer 402 (including a wiring 
formed using the same layer) is formed over the substrate 
410 having an insulating Surface. 

There is no particular limitation on the substrate that can 
be used as the Substrate 410 having an insulating Surface as 
long as it has heat resistance high enough to withstand heat 
treatment performed later. For example, a glass Substrate of 
barium borosilicate glass, aluminoborosilicate glass, or the 
like, a ceramic Substrate, a quartz. Substrate, or a sapphire 
Substrate can be used. Alternatively, a single crystal semi 
conductor Substrate or a polycrystalline semiconductor Sub 
strate made of silicon, silicon carbide, or the like, a com 
pound semiconductor Substrate made of silicon germanium 
or the like, an SOI substrate, or the like can be used. 
Furthermore, any of these substrates provided with a semi 
conductor element may be used as the substrate 410. A base 
insulating layer may be formed over the substrate 410. 
The gate electrode layer 402 can be formed using a metal 

material Such as molybdenum, titanium, tantalum, tungsten, 
aluminum, copper, chromium, neodymium, or scandium, or 
an alloy material containing any of these materials as a main 
component. Alternatively, a semiconductor film typified by 
a polycrystalline silicon film doped with an impurity ele 
ment such as phosphorus, or a silicide film Such as a nickel 
silicide film may be used as the gate electrode layer 402. The 
gate electrode layer 402 may have either a single-layer 
structure or a stacked-layer structure. The gate electrode 
layer 402 may have a tapered shape with a taper angle of 
greater than or equal to 15° and less than or equal to 70° for 
example. Here, the taper angle refers to an angle formed 
between a side Surface of a layer having a tapered shape and 
a bottom surface of the layer. 
The material of the gate electrode layer 402 may be a 

conductive material Such as indium oxide-tin oxide, indium 
oxide containing tungsten oxide, indium Zinc oxide contain 
ing tungsten oxide, indium oxide containing titanium oxide, 
indium tin oxide containing titanium oxide, indium oxide 
Zinc oxide, or indium tin oxide to which silicon oxide is 
added. 
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Alternatively, as the material of the gate electrode layer 
402, an In-Ga—Zn-based oxide containing nitrogen, an 
In—Sn-based oxide containing nitrogen, an In-Ga-based 
oxide containing nitrogen, an In-Zn-based oxide contain 
ing nitrogen, an Sn-based oxide containing nitrogen, an 
In-based oxide containing nitrogen, or a metal nitride film 
(such as an indium nitride film, a Zinc nitride film, a tantalum 
nitride film, or a tungsten nitride film) may be used. These 
materials have a work function of 5 eV or more. Therefore, 
when the gate electrode layer 402 is formed using any of 
these materials, the threshold voltage of the transistor can be 
positive, so that the transistor can be a normally-off Switch 
ing transistor. 
<Gate Insulating Layers> 

Next, the gate insulating layer 404 is formed so as to cover 
the gate electrode layer 402 (see FIG. 7A). As the gate 
insulating layer 404, a single layer or a stack of layers 
including at least one of the following films formed by a 
plasma CVD method, a sputtering method, or the like is 
used: a silicon oxide film, a silicon oxynitride film, a silicon 
nitride oxide film, a silicon nitride film, an aluminum oxide 
film, a hafnium oxide film, an yttrium oxide film, a Zirco 
nium oxide film, a gallium oxide film, a tantalum oxide film, 
a magnesium oxide film, a lanthanum oxide film, a cerium 
oxide film, and a neodymium oxide film. 

Note that in the gate insulating layer 404, a region (the 
gate insulating layer 404b in this embodiment) in contact 
with the oxide semiconductor layer 408 to be formed later is 
preferably an oxygen-containing insulating layer, and more 
preferably has a region containing oxygen in excess of the 
Stoichiometric composition (an oxygen-excess region). In 
order to provide the oxygen-excess region in the gate 
insulating layer 404, for example, the gate insulating layer 
404 may be formed in an oxygen atmosphere. Alternatively, 
oxygen may be introduced into the formed gate insulating 
layer 404 to provide the oxygen-excess region. Oxygen can 
be introduced by an ion implantation method, an ion doping 
method, a plasma immersion ion implantation method, 
plasma treatment, or the like. 

In this embodiment, a silicon nitride film is formed as the 
gate insulating layer 404a, and a silicon oxide film is formed 
as the gate insulating layer 404b. 
<Oxide Semiconductor Layers> 

Next, an oxide semiconductor film 407 is formed over the 
gate insulating layer 404 (see FIG. 7B). 
The oxide semiconductor film 407 can be formed by a 

sputtering method, a molecular beam epitaxy (MBE) 
method, a CVD method, a pulse laser deposition method, an 
atomic layer deposition (ALD) method, or the like as 
appropriate. 
The gate insulating layer 404 and the oxide semiconduc 

tor film 407 are preferably formed in succession without 
exposure to the air. By forming the gate insulating layer 404 
and the oxide semiconductor film 407 in succession without 
exposure to the air, attachment of hydrogen or a hydrogen 
compound (e.g., adsorption water) onto a Surface of the 
oxide semiconductor film 407 can be prevented, and thus 
mixing of an impurity can be prevented. 
A sputtering target which is polycrystalline and has a high 

relative density (a high filling rate) is used as a sputtering 
target for forming the oxide semiconductor film. The oxide 
semiconductor film is formed under the following condi 
tions: the Sputtering target in deposition is Sufficiently 
cooled to room temperature; the temperature of a Surface of 
a deposition-target Substrate where the oxide semiconductor 
film is to be formed is increased to room temperature or 
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higher; and an atmosphere in a deposition chamber hardly 
contains moisture or hydrogen. 
The higher density of the Sputtering target is more pref 

erable. When the density of the sputtering target is increased, 
the density of a film to be deposited can also be increased. 
Specifically, the relative density (filling rate) of the sputter 
ing target is set to be higher than or equal to 90% and lower 
than or equal to 100%, preferably higher than or equal to 
95%, more preferably higher than or equal to 99.9%. Note 
that the relative density of the sputtering target refers to a 
ratio of the density of the sputtering target to the density of 
a material free of porosity having the same composition as 
the Sputtering target. 
The Sputtering target is preferably sintered in an inert gas 

atmosphere (a nitrogen atmosphere or a rare gas atmo 
sphere), in vacuum, or in a high-pressure atmosphere. As a 
sintering method, an atmospheric sintering method, a pres 
Sure sintering method, or the like can be used as appropriate. 
A polycrystalline target obtained by any of these methods is 
used as a sputtering target. A hot pressing method, a hot 
isostatic pressing (HIP) method, a discharge plasma sinter 
ing method, or an impact method is preferably used as a 
pressure sintering method. The maximum temperature at 
which sintering is performed is selected depending on the 
sintering temperature of the Sputtering target material, and it 
is preferably set to approximately 1000° C. to 2000° C., or 
more preferably, 1200° C. to 1500° C. The holding time of 
the maximum temperature is selected depending on the 
sputtering target material, and 0.5 hours to 3 hours is 
preferable. 

In the case of forming an In Ga—Zn-based oxide film, 
a target having an atomic ratio of In:Gia:Zn 3:1:2, a target 
having an atomic ratio of In:Ga:Zn=1:1:1, or the like is used 
as the Sputtering target. 
To obtain a dense film, it is important to reduce impurities 

which remain in the deposition chamber. The back pressure 
(ultimate vacuum: degree of vacuum before introduction of 
a reaction gas) in the deposition chamber is set to be lower 
than or equal to 5x10 Pa, preferably lower than or equal to 
6x10 Pa, and the pressure in deposition is set to be lower 
than 2 Pa, preferably lower than or equal to 0.4 Pa. When the 
back pressure is set to be low, impurities in the deposition 
chamber are reduced. 
To obtain a dense film, it is also important to reduce 

impurities contained in a gas that is introduced into the 
deposition chamber, i.e., a gas used at the deposition. 
Further, it is important to increase the proportion of oxygen 
contained in the deposition gas and optimize power. By 
increasing the proportion of oxygen (the upper limit: 100% 
oxygen) in the deposition gas and optimizing the power, 
plasma damage in deposition can be alleviated. Thus, a 
dense film is easily obtained. 

Deposition of the oxide semiconductor film is preferably 
performed while a quadrupole mass analyzer (hereinafter 
also referred to as Q-mass) is operated continuously in order 
that the amount of moisture in the deposition chamber, or the 
like is monitored by the Q-mass before or in deposition. 

For example, in the case where the oxide semiconductor 
film 407 is formed by a sputtering method, oxygen or a 
mixed gas of oxygen and a high-purity rare gas from which 
impurities such as hydrogen, water, a hydroxyl group, and a 
hydride have been removed is used as a deposition gas 
Supplied to a deposition chamber of a sputtering apparatus. 
Note that heat treatment for dehydration or dehydroge 

nation may be performed as appropriate on the formed oxide 
semiconductor film 407. Further, oxygen may be supplied to 
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the oxide semiconductor film 407 which has been subjected 
to dehydration or dehydrogenation treatment. 

Next, the oxide semiconductor film 407 is processed by 
etching treatment using a photolithography method into the 
island-shaped oxide semiconductor layer 408 (see FIG. 7C). 
<Source Electrode Layer and Drain Electrode Layers> 

Then, a conductive film is formed over the oxide semi 
conductor layer 408 and processed to form the source or 
drain electrode layer 406a and the source or drain electrode 
layer 406b (including a wiring formed using the same layer). 

For the source or drain electrode layer 406a and the 
source or drain electrode layer 406b, a metal film containing 
an element selected from Al, Cr, Cu, Ta, Ti, Mo, and W, a 
metal nitride film containing any of the above elements as a 
component (a titanium nitride film, a molybdenum nitride 
film, or a tungsten nitride film), or the like can be used, for 
example. Alternatively, a film of a high-melting-point metal 
such as Ti, Mo, or W or a metal nitride film of any of these 
elements (a titanium nitride film, a molybdenum nitride film, 
or a tungsten nitride film) may be stacked on one of or both 
a bottom side and a top side of a metal film of Al, Cu, or the 
like. Further alternatively, the source or drain electrode layer 
406a and the source or drain electrode layer 406b may be 
formed using a conductive metal oxide. As the conductive 
metal oxide, indium oxide (InO), tin oxide (SnO), Zinc 
oxide (ZnO), indium oxide-tin oxide (In O. SnO), 
indium oxide-Zinc oxide (InO ZnO), or any of these 
metal oxide materials in which silicon oxide is contained can 
be used. 

For the source or drain electrode layer 406a and the 
source or drain electrode layer 406b, a metal nitride film 
Such as an In-Ga—Zn-O film containing nitrogen, an 
In—Sn-O film containing nitrogen, an In-Ga—O film 
containing nitrogen, an In-Zn-O film containing nitro 
gen, a Sn—O film containing nitrogen, or an In-O film 
containing nitrogen can be used. These films contain the 
same constituent elements as the oxide semiconductor layer 
408 and can therefore stabilize the interface with the oxide 
semiconductor layer 408. 
<<Insulating Layers> 

Next, the insulating layer 416 is formed to cover the 
source or drain electrode layer 406a, the source or drain 
electrode layer 406b, and the exposed oxide semiconductor 
layer 408 (see FIG. 7D). 
The insulating layer 416 can be formed using a single 

layer or a stack of layers of one or more of the following 
films formed by a plasma CVD method or a sputtering 
method: a silicon oxide film, a gallium oxide film, an 
aluminum oxide film, a silicon nitride film, a silicon oxyni 
tride film, an aluminum oxynitride film, a silicon nitride 
oxide film, and the like. Note that it is preferable that an 
oxygen-containing insulating layer be formed as the insu 
lating layer 416 (in this embodiment, the insulating layer 
416a) in contact with the oxide semiconductor layer 408 
because the oxygen-containing insulating layer can Supply 
oxygen to the oxide semiconductor layer 408. 

For example, a silicon oxide film or a silicon oxynitride 
film may be formed under the following conditions: the 
substrate placed in a treatment chamber of a plasma CVD 
apparatus, which is vacuum-evacuated, is held at a tempera 
ture higher than or equal to 180° C. and lower than or equal 
to 400° C., preferably higher than or equal to 200° C. and 
lower than or equal to 370°C., the pressure in the treatment 
chamber is greater than or equal to 30 Pa and less than or 
equal to 250 Pa, preferably greater than or equal to 40 Pa and 
less than or equal to 200 Pa with introduction of a source gas 
into the treatment chamber, and high-frequency power is 
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supplied to an electrode provided in the treatment chamber. 
Under the above conditions, an oxygen-containing insulat 
ing layer into which and from which oxygen is diffused can 
be formed. 

After the formation of the oxygen-containing insulating 
layer into which and from which oxygen is diffused, a 
silicon oxide film or a silicon oxynitride film may be formed 
under the following conditions: the Substrate placed in a 
treatment chamber of the plasma CVD apparatus, which is 
vacuum-evacuated, without exposure to the air is held at a 
temperature higher than or equal to 180° C. and lower than 
or equal to 250° C., preferably higher than or equal to 180° 
C. and lower than or equal to 230° C., the pressure in the 
treatment chamber is greater than or equal to 100 Pa and less 
than or equal to 250 Pa, preferably greater than or equal to 
100 Pa and less than or equal to 200 Pa with introduction of 
a source gas into the treatment chamber, and high-frequency 
power higher than or equal to 0.17W/cm and lower than or 
equal to 0.5 W/cm, preferably higher than or equal to 0.26 
W/cm and lower than or equal to 0.35 W/cm is supplied to 
an electrode provided in the treatment chamber. Under the 
above conditions, the decomposition efficiency of the Source 
gas in plasma is enhanced, oxygen radicals are increased, 
and oxidation of the source gas is promoted; thus, the 
oxygen content in the formed silicon oxide film or silicon 
oxynitride film is in excess of that in the stoichiometric 
composition. However, the bonding strength of silicon and 
oxygen is weak in the above Substrate temperature range; 
therefore, part of oxygen is released by heating. Thus, it is 
possible to form an oxygen-containing insulating layer 
which contains oxygen in a proportion higher than that of 
oxygen in the stoichiometric composition and from which 
part of oxygen is released by heating. 

Through the above steps, the transistor 412 of this 
embodiment can be manufactured. 
<Method for Forming Common Electrode and Pixel Elec 
trode> 
The insulating layer 417 covering the transistor 412 is 

formed. The insulating layer 417 planarizes unevenness 
which is caused by a structure formed over the substrate 410. 
An acrylic resin, a polyimide resin, or the like can be used 
for the insulating layer 417, for example. 
The common electrode 422 is formed over the insulating 

layer 417. The common electrode 422 is formed by pro 
cessing a conductive film with use of a photolithography 
process. 
The insulating film 424 is formed over the common 

electrode 422. 
The pixel electrode 421 is formed over the insulating film 

424. The insulating film 424 serves to insulate the pixel 
electrode 421 from the common electrode 422. 

Note that the common electrode 422 and the pixel elec 
trode 421 preferably have light-transmitting properties with 
respect to visible light, in which case the aperture ratio of the 
pixel can be increased. 

Note that this embodiment can be combined with any of 
the other embodiments in this specification as appropriate. 

Embodiment 5 

In this embodiment, an example of an oxide semiconduc 
tor layer suitable for a transistor which is applicable to a 
liquid crystal display device of one embodiment of the 
present invention is described in detail with reference to 
drawings. 
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The oxide semiconductor layer is in a single crystal state, 
a polycrystalline (also referred to as polycrystal) state, an 
amorphous state, or the like. 
When the temperature of a deposition-target substrate, 

which is an example of deposition conditions, is set to be 
higher than or equal to 200°C., a dense oxide semiconductor 
film including a crystal part, i.e., a c-axis aligned crystalline 
oxide semiconductor (CAAC-OS) film can be obtained. 
A structure of an oxide semiconductor film is described 

below. 
An oxide semiconductor film is classified roughly into a 

single-crystal oxide semiconductor film and a non-single 
crystal oxide semiconductor film. The non-single-crystal 
oxide semiconductor film includes any of an amorphous 
oxide semiconductor film, a microcrystalline oxide semi 
conductor film, a polycrystalline oxide semiconductor film, 
a c-axis aligned crystalline oxide semiconductor (CAAC 
OS) film, and the like. 
The amorphous oxide semiconductor film has disordered 

atomic arrangement and no crystalline component. A typical 
example thereof is an oxide semiconductor film in which no 
crystal part exists even in a microscopic region, and the 
whole of the film is amorphous. 

The microcrystalline oxide semiconductor film includes a 
microcrystal (also referred to as nanocrystal) with a size 
greater than or equal to 1 nm and less than 10 nm, for 
example. Thus, the microcrystalline oxide semiconductor 
film has a higher degree of atomic order than the amorphous 
oxide semiconductor film. Hence, the density of defect states 
of the microcrystalline oxide semiconductor film is lower 
than that of the amorphous oxide semiconductor film. 

The CAAC-OS film is one of oxide semiconductor films 
including a plurality of crystal parts, and most of the crystal 
parts each fit inside a cube whose one side is less than 100 
nm. Thus, there is a case where a crystal part included in the 
CAAC-OS film fits inside a cube whose one side is less than 
10 nm, less than 5 nm, or less than 3 nm. The density of 
defect states of the CAAC-OS film is lower than that of the 
microcrystalline oxide semiconductor film. The CAAC-OS 
film is described in detail below. 

In a transmission electron microscope (TEM) image of 
the CAAC-OS film, a boundary between crystal parts, that 
is, a grain boundary is not clearly observed. Thus, in the 
CAAC-OS film, a reduction in electron mobility due to the 
grain boundary is less likely to occur. 

According to the TEM image of the CAAC-OS film 
observed in a direction Substantially parallel to a sample 
Surface (cross-sectional TEM image), metal atoms are 
arranged in a layered manner in the crystal parts. Each metal 
atom layer has a morphology reflected by a surface over 
which the CAAC-OS film is formed (hereinafter, a surface 
over which the CAAC-OS film is formed is referred to as a 
formation surface) or a top surface of the CAAC-OS film, 
and is arranged in parallel to the formation Surface or the top 
Surface of the CAAC-OS film. 
On the other hand, according to the TEM image of the 

CAAC-OS film observed in a direction substantially per 
pendicular to the sample Surface (plan TEM image), metal 
atoms are arranged in a triangular or hexagonal configura 
tion in the crystal parts. However, there is no regularity of 
arrangement of metal atoms between different crystal parts. 

From the results of the cross-sectional TEM image and the 
plan TEM image, alignment is found in the crystal parts in 
the CAAC-OS film. 
A CAAC-OS film is subjected to structural analysis with 

an X-ray diffraction (XRD) apparatus. For example, when 
the CAAC-OS film including an InGaZnO crystal is ana 
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lyzed by an out-of-plane method, a peak appears frequently 
when the diffraction angle (20) is around 31. This peak is 
derived from the (009) plane of the InGaZnO crystal, which 
indicates that crystals in the CAAC-OS film have c-axis 
alignment, and that the c-axes are aligned in a direction 
substantially perpendicular to the formation surface or the 
top surface of the CAAC-OS film. 
On the other hand, when the CAAC-OS film is analyzed 

by an in-plane method in which an X-ray enters a sample in 
a direction Substantially perpendicular to the c-axis, a peak 
appears frequently when 20 is around 56°. This peak is 
derived from the (110) plane of the InGaZnO crystal. Here, 
analysis (cp scan) is performed under conditions where the 
sample is rotated around a normal vector of a sample Surface 
as an axis (cp axis) with 20 fixed at around 56°. In the case 
where the sample is a single-crystal oxide semiconductor 
film of InGaZnO, six peaks appear. The six peaks are 
derived from crystal planes equivalent to the (110) plane. On 
the other hand, in the case of a CAAC-OS film, a peak is not 
clearly observed even when p scan is performed with 20 
fixed at around 56°. 

According to the above results, in the CAAC-OS film 
having c-axis alignment, while the directions of a-axes and 
b-axes are different between crystal parts, the c-axes are 
aligned in a direction parallel to a normal vector of a 
formation Surface or a normal vector of a top surface. Thus, 
each metal atom layer arranged in a layered manner 
observed in the cross-sectional TEM image corresponds to 
a plane parallel to the a-b plane of the crystal. 

Note that the crystal part is formed concurrently with 
deposition of the CAAC-OS film or is formed through 
crystallization treatment such as heat treatment. As 
described above, the c-axis of the crystal is aligned in a 
direction parallel to a normal vector of a formation Surface 
or a normal vector of a top surface. Thus, for example, in the 
case where a shape of the CAAC-OS film is changed by 
etching or the like, the c-axis might not be necessarily 
parallel to a normal vector of a formation Surface or a normal 
vector of a top surface of the CAAC-OS film. 

Further, the degree of crystallinity in the CAAC-OS film 
is not necessarily uniform. For example, in the case where 
crystal growth leading to the CAAC-OS film occurs from 
the vicinity of the top surface of the film, the degree of the 
crystallinity in the vicinity of the top surface is higher than 
that in the vicinity of the formation Surface in some cases. 
Further, when an impurity is added to the CAAC-OS film, 
the crystallinity in a region to which the impurity is added 
is changed, and the degree of crystallinity in the CAAC-OS 
film varies depending on regions. 

Note that when the CAAC-OS film with an InGaZnO 
crystal is analyzed by an out-of-plane method, a peak of 20 
may also be observed at around 36°, in addition to the peak 
of 20 at around 31. The peak of 20 at around 36° indicates 
that a crystal having no c-axis alignment is included in part 
of the CAAC-OS film. It is preferable that in the CAAC-OS 
film, a peak of 20 appear at around 31° and a peak of 20 do 
not appear at around 36°. 

In a transistor using the CAAC-OS film, change in electric 
characteristics due to irradiation with visible light or ultra 
violet light is small. Thus, the transistor has high reliability. 

Note that an oxide semiconductor film may be a stacked 
film including two or more films of an amorphous oxide 
semiconductor film, a microcrystalline oxide semiconductor 
film, and a CAAC-OS film, for example. 

In this specification, a term “parallel' indicates that the 
angle formed between two straight lines is greater than or 
equal to -10° and less than or equal to 10°, and accordingly 
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also includes the case where the angle is greater than or 
equal to -5° and less than or equal to 5'. In addition, a term 
“perpendicular indicates that the angle formed between two 
straight lines is greater than or equal to 80° and less than or 
equal to 100°, and accordingly includes the case where the 
angle is greater than or equal to 85° and less than or equal 
to 959. 

In this specification, the trigonal and rhombohedral crys 
tal systems are included in the hexagonal crystal system. 

During deposition, fine Sputtered particles fly from a 
target, and a film is formed Such that the Sputtered particles 
adhere onto the deposition-target substrate. When the tem 
perature of the substrate is higher than or equal to 200° C. 
the Sputtered particles are rearranged because the Substrate 
is heated. Thus, a dense film is formed. 

In the CAAC-OS film, a series of about 2 to 20 indium 
atoms exist in a lateral direction to form a layer including 
indium atoms. Note that in some cases, the layer has a series 
of 20 or more indium atoms; for example, the layer may 
have a series of 2 to 50 indium atoms, 2 to 100 indium 
atoms, or 2 to 500 indium atoms in a lateral direction. 

Layers including indium atoms overlap with each other. 
The number of layers is greater than or equal to 1 and less 
than or equal to 20, greater than or equal to 1 and less than 
or equal to 10, or greater than or equal to 1 and less than or 
equal to 4. 
As described above, a stack of the layers including indium 

atoms often appears to be a cluster including several indium 
atoms in a lateral direction and several layers in a longitu 
dinal direction. This is because each of the sputtered par 
ticles has a flat-plate-like shape. 
By increasing the temperature of the deposition-target 

Substrate, migration of Sputtered particles is likely to occur 
on a substrate surface. With this effect, a flat-plate-like 
sputtered particle reaches the Substrate surface, moves 
slightly, and then is attached to the substrate surface with a 
flat plane (a-b plane) of the Sputtered particle facing toward 
the substrate surface. Therefore, an oxide semiconductor 
film having a crystal region which is c-axis-aligned perpen 
dicularly to the surface of the oxide semiconductor film is 
easily formed. 

Further, heat treatment at a temperature higher than or 
equal to 200° C. may be performed after the deposition of 
the oxide semiconductor film, so that a denser film is 
obtained. However, in that case, oxygen vacancies might be 
generated when impurity elements (e.g., hydrogen and 
water) in the oxide semiconductor film are reduced. There 
fore, before the heat treatment is performed, an insulating 
layer containing excess oxygen is preferably provided over 
or below the oxide semiconductor film, in which case 
oxygen vacancies in the oxide semiconductor film can be 
reduced by the heat treatment. 
An oxide semiconductor film shortly after deposition is 

made dense; thus, a dense film which is thin and close to 
single crystal can be obtained. Since oxygen, hydrogen, or 
the like hardly diffuses within the film, a semiconductor 
device including the dense oxide semiconductor film can 
achieve improvement in reliability. 
The oxide semiconductor layer included in a transistor of 

one embodiment of the present invention may have either an 
amorphous structure or a crystalline structure. Note that a 
CAAC-OS film is preferably used as the oxide semiconduc 
tor layer, in which case the density of states (DOS) attributed 
to an oxygen vacancy in the oxide semiconductor layer can 
be reduced. 

Note that this embodiment can be combined with any of 
the other embodiments in this specification as appropriate. 
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Embodiment 6 

In this embodiment, a structure of a pixel including a 
liquid crystal element which operates in a vertical alignment 
(VA) mode and can be used in a liquid crystal display device 
of one embodiment of the present invention is described 
with reference to FIGS. 8A and 8B and FIG. 9. FIG. 8A is 
a top view of the pixel included in the liquid crystal display 
device. FIG. 8B is a side view including a cross section 
taken along line E-F in FIG. 8A. FIG. 9 is an equivalent 
circuit diagram of the pixel included in the liquid crystal 
display device. 
The VA mode is a mode for controlling alignment of 

liquid crystal molecules of a liquid crystal display panel. In 
a VA liquid crystal display device, liquid crystal molecules 
are aligned in a vertical direction with respect to a panel 
Surface when no Voltage is applied. 

In this embodiment, in particular, a pixel is divided into 
Some regions (subpixels), and molecules are aligned in 
different directions in their respective regions. This is 
referred to as domain multiplication or multi-domain design. 
A liquid crystal display device of multi-domain design is 
described below. 

In FIG. 8A, X1 is a top view of a substrate 600 provided 
with a pixel electrode 624. X3 is a top view of a substrate 
601 provided with a common electrode 640. X2 is a top view 
illustrating a state where the substrate 601 provided with the 
common electrode 640 is overlapped with the substrate 600 
provided with the pixel electrode 624. 
A transistor 628, the pixel electrode 624 connected 

thereto, and a storage capacitor portion 630 are formed over 
the substrate 600. The transistor 628, a wiring 618, and the 
storage capacitor portion 630 are covered with an insulating 
layer 620 and an insulating layer 622 over the insulating 
layer 620. The pixel electrode 624 is connected to the wiring 
618 through a contact hole 623 that penetrates the insulating 
layer 620 and the insulating layer 622. 
The storage capacitor portion 630 includes a first capaci 

tor wiring 604 which is formed concurrently with a gate 
wiring 602 of the transistor 628; a gate insulating layer 606: 
and a second capacitor wiring 617 which is formed concur 
rently with a wiring 616 and the wiring 618. 
The pixel electrode 624 can be formed using a light 

transmitting conductive material Such as indium oxide con 
taining tungsten oxide, indium Zinc oxide containing tung 
Sten oxide, indium oxide containing titanium oxide, indium 
tin oxide containing titanium oxide, indium tin oxide, 
indium Zinc oxide, or indium tin oxide to which silicon 
oxide is added. 
The pixel electrode 624 is provided with slits 625. The 

slits 625 serve to control alignment of the liquid crystal. 
A transistor 629, a pixel electrode 626 connected thereto, 

and a storage capacitor portion 631 can be formed in 
manners similar to those for the transistor 628, the pixel 
electrode 624, and the storage capacitor portion 630, respec 
tively. Both the transistors 628 and 629 are connected to the 
wiring 616. A pixel of this liquid crystal display panel 
includes the pixel electrodes 624 and 626. The pixel elec 
trodes 624 and 626 are subpixels. 
The substrate 601 is provided with a coloring layer 636 

and the common electrode 640, and protrusions 644 are 
formed on the common electrode 640. An alignment film 
648 is formed over the pixel electrode 624. Similarly, an 
alignment film 646 is formed on the common electrode 640 
and the protrusions 644. A liquid crystal layer 650 is formed 
between the substrate 600 and the substrate 601. 
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The common electrode 640 is preferably formed using a 
material similar to that of the pixel electrode 624. The 
protrusions 644 which control the alignment of the liquid 
crystal are formed on the common electrode 640. 
When a voltage is applied to the pixel electrode 624 

provided with the slits 625, a distorted electric field (an 
oblique electric field) is generated in the vicinity of the slits 
625. The slits 625 and the protrusions 644 on the substrate 
601 side are alternately arranged; thus, an oblique electric 
field is effectively generated to control alignment of the 
liquid crystal, so that the direction of alignment of the liquid 
crystal varies depending on location. That is, a viewing 
angle of the liquid crystal display panel is widened by 
domain multiplication. 

FIG. 8B illustrates a state where the substrate 600 and the 
substrate 601 are overlapped with each other and liquid 
crystal is injected therebetween. The pixel electrode 624, the 
liquid crystal layer 650, and the common electrode 640 
overlap with each other to form a liquid crystal element. 

FIG. 9 illustrates an equivalent circuit of this pixel struc 
ture. Both the transistors 628 and 629 are connected to the 
gate wiring 602 and the wiring 616. In this case, when 
potentials of the capacitor wiring 604 and a capacitor wiring 
605 are different from each other, operations of a liquid 
crystal element 651 and a liquid crystal element 652 can be 
different from each other. That is, alignment of the liquid 
crystal is precisely controlled and a viewing angle is wid 
ened by individual control of potentials of the capacitor 
wirings 604 and 605. 

Note that this embodiment can be combined with any of 
the other embodiments in this specification as appropriate. 

Embodiment 7 

In this embodiment, a specific structure of a pixel in the 
case where liquid crystal exhibiting a blue phase is used for 
a liquid crystal layer included in a liquid crystal element will 
be described. 

FIG. 10A is an example of a top view of a pixel. FIG. 10B 
is a cross-sectional view taken along broken line A1-A2 in 
FIG. 10A. FIG. 10A is a top view of the pixel provided with 
components up to a spacer 510. FIG. 10B illustrates a 
structure in which a substrate 514 is provided to face a 
substrate 500 provided with components up to the spacer 
51O. 
The pixel illustrated in FIGS. 10A and 10B includes a 

conductive film 501 functioning as a scan line, a conductive 
film 502 functioning as a signal line, a conductive film 503 
functioning as a capacitor wiring, and a conductive film 504 
functioning as a second terminal of a transistor 550 func 
tioning as a switching element. The conductive film 501 also 
functions as a gate electrode of the transistor 550. In 
addition, the conductive film 502 also functions as a first 
terminal of the transistor 550. 

The conductive film 501 and the conductive film 503 can 
be formed by processing one conductive film formed over 
the substrate 500 having an insulating surface into a desired 
shape. A gate insulating film 506 is formed over the con 
ductive film 501 and the conductive film 503. Further, the 
conductive film 502 and the conductive film 504 can be 
formed by processing one conductive film formed over the 
gate insulating film 506 into a desired shape. 
An active layer 507 of the transistor 550 is formed over 

the gate insulating film 506 so as to overlap with the 
conductive film 501. Further, an insulating film 512 and an 
insulating film 513 are sequentially formed so as to cover the 
active layer 507, the conductive film 502, and the conductive 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

34 
film 504. In addition, a pixel electrode 505 and a common 
electrode 508 are formed over the insulating film 513, and 
the conductive film 504 is connected to the pixel electrode 
505 through a contact hole formed in the insulating film 512 
and the insulating film 513. 

Note that a portion where the conductive film 503 func 
tioning as a capacitor wiring overlaps with the conductive 
film 504 with the gate insulating film 506 provided therebe 
tween functions as a capacitor 551. 

In this embodiment, an insulating film 509 is formed 
between the conductive film 503 and the gate insulating film 
506. In addition, the spacer 510 is formed over the pixel 
electrode 505 so as to overlap with the insulating film 509. 
A liquid crystal layer 516 including liquid crystal is 

provided between the substrate 514, and the pixel electrode 
505 and the common electrode 508. A liquid crystal element 
552 is formed in a region including the pixel electrode 505, 
the common electrode 508, and the liquid crystal layer 516. 
The pixel electrode 505 and the common electrode 508 

can be formed using a light-transmitting conductive material 
Such as indium tin oxide containing silicon oxide (ITSO). 
indium tin oxide (ITO), Zinc oxide (ZnO), indium zinc 
oxide, or zinc oxide to which gallium is added (GZO), for 
example. 

Injection of liquid crystal for formation of the liquid 
crystal layer 516 may be performed by a dispenser method 
(a dripping method) or a dipping method (a pumping 
method). 

Note that the substrate 514 may be provided with a 
light-blocking film capable of blocking light so that discli 
nation caused by disorder of alignment of the liquid crystal 
between pixels is prevented from being observed or dis 
persed light is prevented from entering a plurality of adja 
cent pixels. An organic resin containing black pigment Such 
as carbon black or low-valent titanium oxide whose oxida 
tion number is smaller than that of titanium dioxide can be 
used for the light-blocking film. Alternatively, a film of 
chromium can be used for the light-blocking film. 

Like the liquid crystal element 552 illustrated in FIGS. 
10A and 10B, an IPS liquid crystal element or a liquid 
crystal element exhibiting a blue phase has a structure 
including the liquid crystal layer 516 over the pixel electrode 
505 and the common electrode 508. However, a liquid 
crystal display device according to one embodiment of the 
present invention may have a structure in which a liquid 
crystal layer is provided between a pixel electrode and a 
common electrode in a liquid crystal element, instead of this 
Structure. 

A transistor with extremely low off-state current can be 
used as the transistor 550. For example, a transistor having 
the structure described in Embodiment 4 can be used. 

Note that this embodiment can be combined with any of 
the other embodiments in this specification as appropriate. 

Embodiment 8 

In this embodiment, electronic devices of one embodi 
ment of the present invention will be described. Specifically, 
electronic devices each including a liquid crystal display 
device of one embodiment of the present invention will be 
described with reference to FIGS. 11A to 11E. 

Examples of the electronic devices to which the liquid 
crystal display device is applied include television devices 
(also referred to as TV or television receivers), monitors for 
computers and the like, cameras Such as digital cameras and 
digital video cameras, digital photo frames, mobile phones 
(also referred to as cell phones or mobile phone devices), 
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portable game machines, portable information terminals, 
audio playback devices, and large game machines such as 
pachinko machines. Specific examples of these electronic 
devices are shown in FIGS. 11A to 11E. 

FIG. 11A illustrates an example of a television device. In 
a television device 7100, a display portion 7103 is incorpo 
rated in a housing 7101. Images can be displayed on the 
display portion 7103, and the liquid crystal display device 
can be used for the display portion 7103. Here, the housing 
7101 is supported by a stand 7105. 
The television device 7100 can be operated with an 

operation switch of the housing 7101 or a separate remote 
controller 7110. With operation keys 7109 of the remote 
controller 7110, channels and volume can be controlled and 
images displayed on the display portion 7103 can be con 
trolled. Furthermore, the remote controller 7110 may be 
provided with a display portion 7107 for displaying data 
output from the remote controller 7110. 

Note that the television device 7100 is provided with a 
receiver, a modem, and the like. With the use of the receiver, 
general television broadcasting can be received. Moreover, 
when the display device is connected to a communication 
network with or without wires via the modem, one-way 
(from a sender to a receiver) or two-way (between a sender 
and a receiver or between receivers) information communi 
cation can be performed. 

FIG. 11B illustrates a computer, which includes a main 
body 7201, a housing 7202, a display portion 7203, a 
keyboard 7204, an external connection port 7205, a pointing 
device 7206, and the like. This computer is manufactured by 
using the liquid crystal display device for the display portion 
7203. 

FIG. 11C illustrates a portable game machine having two 
housings, a housing 7301 and a housing 7302, which are 
connected with a joint portion 7303 so that the portable 
game machine can be opened or folded. A display portion 
7304 is incorporated in the housing 7301 and a display 
portion 7305 is incorporated in the housing 7302. In addi 
tion, the portable game machine illustrated in FIG. 11C 
includes a speaker portion 7306, a recording medium inser 
tion portion 7307, an LED lamp 7308, an input means (an 
operation key 7309, a connection terminal 7310, a sensor 
7311 (a sensor having a function of measuring force, dis 
placement, position, speed, acceleration, angular velocity, 
rotational frequency, distance, light, liquid, magnetism, tem 
perature, chemical Substance, Sound, time, hardness, electric 
field, current, Voltage, electric power, radiation, flow rate, 
humidity, gradient, oscillation, odor, or infrared rays), or a 
microphone 7312), and the like. It is needless to say that the 
structure of the portable game machine is not limited to the 
above as long as a liquid crystal display device is used for 
at least either the display portion 7304 or the display portion 
7305, or both, and may include other accessories as appro 
priate. The portable game machine illustrated in FIG. 11C 
has a function of reading a program or data stored in a 
recording medium to display it on the display portion, and 
a function of sharing information with another portable 
game machine by wireless communication. The portable 
game machine in FIG. 11C can have a variety of functions 
without limitation to the above functions. 

FIG. 11D illustrates an example of a mobile phone. A 
mobile phone 7400 is provided with a display portion 7402 
incorporated in a housing 7401, operation buttons 7403, an 
external connection port 7404, a speaker 7405, a micro 
phone 7406, and the like. The mobile phone 7400 is manu 
factured by using the liquid crystal display device for the 
display portion 7402. 
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When the display portion 7402 is touched with a finger or 

the like, data can be input into the mobile phone 7400 in 
FIG. 11D. Further, operations such as making a call and 
creating e-mail can be performed by touch on the display 
portion 7402 with a finger or the like. 

There are mainly three screen modes of the display 
portion 7402. The first mode is a display mode mainly for 
displaying images. The second mode is an input mode 
mainly for inputting data such as text. The third mode is a 
display-and-input mode in which two modes of the display 
mode and the input mode are combined. 

For example, in the case of making a call or creating 
e-mail, a text input mode mainly for inputting text is selected 
for the display portion 74.02 so that text displayed on a 
screen can be inputted. In this case, it is preferable to display 
a keyboard or number buttons on almost the entire screen of 
the display portion 7402. 
When a detection device including a sensor for detecting 

inclination, Such as a gyroscope or an acceleration sensor, is 
provided inside the mobile phone 7400, display on the 
screen of the display portion 7402 can be automatically 
changed by determining the orientation of the mobile phone 
7400 (whether the mobile phone is placed horizontally or 
vertically for a landscape mode or a portrait mode). 
The screen modes are Switched by touching the display 

portion 7402 or operating the operation buttons 7403 of the 
housing 7401. Alternatively, the screen modes can be 
Switched depending on kinds of images displayed on the 
display portion 7402. For example, when a signal of an 
image displayed on the display portion is a signal of moving 
image data, the screen mode is Switched to the display mode. 
When the signal is a signal of text data, the screen mode is 
switched to the input mode. 

Moreover, in the input mode, when input by touching the 
display portion 7402 is not performed within a specified 
period while a signal detected by an optical sensor in the 
display portion 7402 is detected, the screen mode may be 
controlled so as to be switched from the input mode to the 
display mode. 
The display portion 74.02 may function as an image 

sensor. For example, an image of a palm print, a fingerprint, 
or the like is taken by touch on the display portion 7402 with 
the palm or the finger, whereby personal authentication can 
be performed. Further, by providing a backlight or a sensing 
light source which emits a near-infrared light in the display 
portion, an image of a finger vein, a palm vein, or the like 
can be taken. 

FIG. 11E illustrates an example of a folding computer. A 
folding computer 7450 includes a housing 7451L and a 
housing 7451R connected by hinges 7454. The folding 
computer 7450 further includes an operation button 7453, a 
left speaker 7455L, and a right speaker 7455R. In addition, 
a side surface of the folding computer 7450 is provided with 
an external connection port 7456, which is not illustrated. 
When the hinges 7454 are folded so that a display portion 
7452L provided in the housing 7451L and a display portion 
7452R provided in the housing 7451R face each other, the 
display portions can be protected by the housings. 
Each of the display portions 7452L and 7452R is a 

component which can display images and to which infor 
mation can be input by touch with a finger or the like. For 
example, an icon for an installed program is selected by 
touch with a finger so that the program can be started. 
Further, changing the distance between fingers touching two 
positions of a displayed image enables Zooming in or out on 
the image. Drag of a finger touching one position of the 
displayed image enables drag and drop of the image. Selec 
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tion of a displayed character or symbol on the displayed 
image of a keyboard by touch with a finger enables infor 
mation input. 

Further, the computer 7450 can also include a gyroscope, 
an acceleration sensor, a global positioning system (GPS) 
receiver, fingerprint sensor, or a video camera. For example, 
a detection device including a sensor which detects inclina 
tion, such as a gyroscope or an acceleration sensor, is 
provided to determine the orientation of the computer 7450 
(whether the computer is placed horizontally or vertically 
for a landscape mode or a portrait mode) so that the 
orientation of the display screen can be automatically 
changed. 

Furthermore, the computer 7450 can be connected to a 
network. The computer 7450 not only can display informa 
tion on the Internet but also can be used as a terminal which 
controls another electronic device connected to the network 
from a distant place. 

Note that this embodiment can be combined with any of 
the other embodiments in this specification as appropriate. 

This application is based on Japanese Patent Application 
serial no. 2012-155318 filed with Japan Patent Office on Jul. 
11, 2012, the entire contents of which are hereby incorpo 
rated by reference. 
What is claimed is: 
1. A liquid crystal display device comprising: 
a transistor including a semiconductor material having a 

wider band gap and a lower intrinsic carrier density 
than silicon in a channel formation region; and 

a liquid crystal element including a liquid crystal layer 
and a pixel electrode electrically connected to a source 
or a drain of the transistor, 

wherein a minimum value of a capacitance (C+C) of a 
pixel satisfies a formula (1) and a maximum value of 
the capacitance (C+C) of the pixel satisfies a for 
mula (2) 

170x 10' Fa (Cy + C) (1) 

(Cx + Cl2) > (CL-Cla), (2) 

and 
wherein, in the formula (1) and the formula (2), C. 

represents a minimum value of a capacitance compo 
nent of the liquid crystal element, C, represents a 
maximum value of the capacitance component of the 
liquid crystal element, (C-C) represents an amount 
of change in the capacitance component of the liquid 
crystal element, C represents the capacitance of the 
pixel from which a capacitance due to the liquid crystal 
element is Subtracted, in represents the number of gray 
levels included in an image signal, and m represents a 
difference between gray levels which is required to be 
able to be recognized. 

2. The liquid crystal display device according to claim 1, 
wherein the liquid crystal element comprises: 

an insulating layer, 
the pixel electrode in contact with one surface of the 

insulating layer; and 
a common electrode being in contact with the other 

Surface of the insulating layer and comprising an open 
ing overlapping with the pixel electrode. 

3. The liquid crystal display device according to claim 1, 
wherein the semiconductor material comprises a compound 
semiconductor or an oxide semiconductor. 
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4. The liquid crystal display device according to claim 1, 

wherein the semiconductor material comprises indium and 
Zinc. 

5. The liquid crystal display device according to claim 1, 
wherein the semiconductor material comprises an In-Ga— 
Zn-based oxide. 

6. The liquid crystal display device according to claim 1, 
wherein the capacitance of C comprises a parasitic capaci 
tance. 

7. The liquid crystal display device according to claim 1 
further comprising a first Substrate, 

wherein the first substrate is provided with the transistor, 
the pixel electrode and a common electrode. 

8. The liquid crystal display device according to claim 7 
further comprising a second Substrate, 

wherein the liquid crystal layer is provided between the 
first substrate and the second substrate. 

9. The liquid crystal display device according to claim 8. 
wherein the second substrate is provided with a color filter 
and a light-blocking layer. 

10. A liquid crystal display device comprising: 
a plurality of scan lines extending in a row direction; 
a plurality of signal lines intersecting with the scan lines 

and extending in a column direction; and 
a pixel in a region Surrounded by adjacent scan lines and 

adjacent signal lines, 
wherein the scan lines are arranged at a density of 300 or 

more per inch, 
wherein the signal lines are arranged at a density of 300 

or more per inch, 
wherein the pixel comprises: 
a transistor including a semiconductor material having a 

wider band gap and a lower intrinsic carrier density 
than silicon in a channel formation region, a gate 
electrically connected to one of the plurality of scan 
lines, and a source and a drain one of which is elec 
trically connected to one of the plurality of signal lines; 
and 

a liquid crystal element including a pixel electrode elec 
trically connected to the other of the source and the 
drain of the transistor, a liquid crystal layer, and a 
common electrode, and 

wherein a minimum value of a capacitance (C+C) of 
the pixel satisfies a formula (3) and a maximum value 
of the capacitance (C-C) of the pixel satisfies a 
formula (4) 

170x 10' Fa (Cy + C) (3) 

(Cx + Cl) > (CL-CI), (4) 

and 
wherein, in the formula (3) and the formula (4), C, 

represents a minimum value of a capacitance compo 
nent of the liquid crystal element, C, represents a 
maximum value of the capacitance component of the 
liquid crystal element, (C-C) represents an amount 
of change in the capacitance component of the liquid 
crystal element, C represents the capacitance of the 
pixel from which a capacitance due to the liquid crystal 
element is subtracted, in represents the number of gray 
levels included in an image signal, and m represents a 
difference between gray levels which is required to be 
able to be recognized. 
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11. The liquid crystal display device according to claim 
10, wherein the liquid crystal element comprises: 

an insulating layer, 
the pixel electrode in contact with one surface of the 

insulating layer; and 
the common electrode being in contact with the other 

Surface of the insulating layer and comprising an open 
ing overlapping with the pixel electrode. 

12. The liquid crystal display device according to claim 
10, wherein the semiconductor material comprises a com 
pound semiconductor or an oxide semiconductor. 

13. The liquid crystal display device according to claim 
10, wherein the semiconductor material comprises indium 
and zinc. 

14. The liquid crystal display device according to claim 
10, wherein the semiconductor material comprises an In 
Ga—Zn-based oxide. 

15. The liquid crystal display device according to claim 
10, wherein the capacitance of C comprises a parasitic 
capacitance. 

16. The liquid crystal display device according to claim 
10 further comprising a first substrate, 
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wherein the first substrate is provided with the plurality of 

Scan lines, the plurality of signal lines, the transistor, 
the pixel electrode and the common electrode. 

17. The liquid crystal display device according to claim 
16 further comprising a second Substrate, 

wherein the liquid crystal layer is provided between the 
first substrate and the second substrate. 

18. The liquid crystal display device according to claim 
17, wherein the second substrate is provided with a color 
filter and a light-blocking layer. 

19. A method for driving the liquid crystal display device 
according to claim 10, comprising: 

a first step of inputting a selection signal to one of the scan 
lines to select a plurality of pixels electrically con 
nected to the one of the scan lines; and 

a second step of inputting image signals having alternat 
ing opposite polarities to a first signal line and a second 
signal line arranged with a pixel provided therebetween 
to sequentially write the image signals into the plurality 
of pixels. 


